ied 


VOLUME 8 NUMBER 4 


Journal 


of the 


American Welding Society 


April, 1929 


Published Monthly 
by the 
AMERICAN WELDING SOCIETY 


33 West Thirty-ninth Street 
New York 


x 


( 
| | 
| 
1 
4 


NDER Linde Protedure Control, welding 
operators are specially instructed in and quali- 
fied for the particular type of work they are to do. 
They are then capable of repeatedly produc- 
ing a product of known and uniform strength. 
+ This, together with the five other impor- 
~~ tant requirements of Procedure 
Control, assures full de- 
signed strength in every 
oxwelded joint so made. 


The Pioneers in 
Procedure Control 


for 
Oxwelding 


LINDE OXYGEN 
The Linde Air Products Co. 


Dissolved Acetylene 
The Prest-O-Lite Co. Inc. [jj 
-~ 
Apparatus and 
Supplies 
Oxweld Acetylene Company 


* 
UNION CARBIDE 
Union Carbide Sales Co 


UNION CARBIDE AND CARBON CORPORATION 
General Offices uC) Sales Offices 
30 East 42nd Street, New York, N.Y. In principal cities of the country 


64 Linde Plants—45 Prest-O-Lite Plants—154 Oxygen Warehouse Stocks— 138 Acetylene Warebouse Stocks— 38 Apparatss Warebouse 
235 Carbide Warebouse Stocks 
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PROGRAM 
ANNUAL MEETING 
AMERICAN WELDING SOCIETY 
33 West 39th Street 
April 24, 25 and 26, 1929 


ill Sessions Start Promptly as Scheduled 


IMPORTANT NOTICE 


Members and their quests are requested to reyister 


WEDNESDAY, APRIL 24, 1929 
Morning 
Technical and Business Sessions 


10:00 a. m. to 10:30 a. m., Room 2, 5th Floor, Business Meeting, 
t. T. Llewellyn, President, Presiding. 


Report of President, Report of Tellers’ Committee, Election of Offi- 
cers, Presentation of Miller Medal. 


(0:30 a. m, to 12 noon, Room 2, 5th Floor, Technical Session, C. A. 
McCune, Presiding. 


\ symposium on “How to Organize and Operate an Industrial 
Velding School.” 


KE. Conway, Educational Director, Bedford Branch, Young Men’s 
tian Association. 
K. Randall, Cleveland Welding School. 
Thurston, General Electric Company. 
Sellman, Consulting Engineer, Servel, Inc. 
Rogers, Publicity Manager, Air Reduction Sales Company. 
Wagner, Prairie Pipe Line Co. 


Py Lincoln, Manufacturing Engineer, Westinghouse Electric & 
turing Company. 
ncoln, Lincoln Electric Company. 


| bass, Asst. Director, The William Hood Dunwoody Industrial 
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WEDNESDAY, APRIL 24 (Continued) 


Afternoon 


Technical Session 


2:00 p. m. to 5:00 p. m., Room 2, 5th Floor, Technical Session, F. M. 
Farmer, Presiding. 

“Strength of Butt Welds,” by G. Lobo, Westinghouse Electric & Man- 
ufacturing Company. 


“High Pressure Distribution of Manufactured Gas by the Aid o! 
Welded Pipe Lines,” by C. M. Hendry, E. L. Phillips & Company. 


Evening 
Board of Directors’ Meeting 


6:00 p. m., Dinner Meeting, Engineers’ Club, 32 West 40th Street, 
New York. 


Meeting of Board of Directors of American Welding Society will b: 
preceded by a subscription dinner. Appointment of committee chair 
men and other officers. Committee reports. Plans for the coming 
year. 


THURSDAY, APRIL 25, 1929 
Morning 
Technical Session 


10:00 a. m. to 12, Room 2, 5th Floor, F. T. Llewellyn, President, 
Presiding. 

“Design of Joints for Welded Steel Structures,” by A. Vogel, Gene 
Electric Company. 


“Welding in the Heating and Ventilating Industries,” by Prof. S 
Dibble, Carnegie Institute of Technology. 


Luncheon 


A luncheon for members of the Society will be arranged at the Enz 
neers’ Club. Tickets at $2.00 each may be obtained from the > 
retary. 

Afternoon 
Technical Session 
2:00 p. m. to 5, Room 2, 5th Floor, A. G. Oehler, Presiding. 


“Welding in the Aircraft Industry,” by R. M. Mock, Bellanca A’ 
craft Corporation. 


“Thermit Welding of Rail Joints for Main Line Track of Stean 
roads,” by J. H. Deppeler, Metal & Thermit Corporation. 
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yril 1929] ANNUAL MEETING PROGRAM 
THURSDAY, APRIL 25 (Continued) 
Evening 
Annual Dinner 
M. 6:30 p. m., Hotel Pennsylvania, 7th Avenue at 32nd Street. 
The dinner, as last year, will be arranged as a stag affair. Extraor 
an- dinary entertainment has been provided by the Dinner Committee 
There will be no speeches. Tickets should be secured from the Secre 
tury atonce. Price $6.00 per person 
0 
FRIDAY, APRIL 26, 1929 
Morning 
Technical Session 
eel 
10.00 a. m. to 12, Room 2, 5th Floor, E. A. Doyle, Presiding. 
A symposium on “Welding in the Chemical and Process Industries. 
ail 
ae “Welding Aluminum in the Chemical Industry,” by W. M. Dunlap, 
ling 


Aluminum Company of, America. 


“The Production of Ductile Welds in Nickel and Monel Metal,” by 
B. Pilling, International Nickel Company. 


“Welding of Pressure Vessels for High Temperature and Pressures,” } 
T. McLean Jasper, A. O. Smith Corporation. 


“Welding in the Chemical and Process Industries,” by A. G. Wikoff, 


lent, Carbide & Chemical Corporation. 
“Welding Duriron,” by P. D. Schenck, The Duriron Company, Inc. 


2 Afternoon 
Annual Meeting 
American Bureau of Welding 
CM -:00 p. m. to 3:45, Room 3, 5th Floor, C. A. Adams, Director. 
, iew of Progress made by various research committees of the 
i 1. Plans for future investigational activities. Election of offi- 
Appointment of Executive Committee. 
» to 5:30 p. m., Room 3, 5th Floor. 
. Meetings of Structural Steel Welding Committee, J. H. Edwards 
Air in. 
n w of progress made to date. Discussion of future activities of 


. 
Viseussion of Technical Pape rs Particularly Invited! 
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Instruction Manuals 


A number of copies of the Instruc- 
tion Manuals for arc, resistance and 
thermit welding are still available. 
These may be purchased at 50c. per 
copy, with special price in quantity 
lots of twenty-five or more. 

These manuals give a résumé of in- 
formation in their respective fields 
and are designed particularly for the 
student welders and engineers. 


Obituary 
Harold J. Horn 


Harold J. Horr, Sustaining and 
Charter Member of the American 
Welding Society, died on Wednesday, 
Jan. 30, at his home in Pennington, 
N. J.,from pneumonia. Mr. Horn was 
52 vears old and connected with the 
John A. Roebling’s Sons Compary for 
the past thirty years. 

He graduated in 1898 from Lehigh 
College as valedictorian of the en- 
gineering school. Upon graduating he 
entered the employ of the John A. 
Roeblirg’s Sons Company and recently 
was appointed assistant manager of 
production. His great knowledge of 
the product, experience in manufac- 
ture and familiarity with every proc- 
ess particularly qualified him for 
this work. He possessed an unusual 
knowledge of the properties of mate- 
rials and was widely known as a wire 
expert. 

Mr. Horn was a member of the fol- 
lowing engineering and technical so 
cieties: 

American Institute of Electrical En- 
gineers. 

Society of Automotive Engireers. 

Society of American Military En- 
gineers. 

American Society for Testing Ma 
terials. 

American Institute of Weights and 
Measures. 

The Aeronautical Society of Amer- 
ica. 

American Engireering Standards 
Committee. 

American Welding Society. 

He was also a member of the Weld- 
ing Wire Specifications Committee of 
the American Bureau of Welding. 

At a meeting of the Executive Com 
mittee of the American Welding So 
ciety held in the Engineering So 
cieties Building, New York, N. Y., on 
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the 5th day of March, 1929, the fol 
lowing resolution was adopted: 
WHEREAS: the Executive Com- 
mittee of the American Welding So 
ciety has learned with profound sor 
row of the sudden death on Jan. 30, 
at his home in Pennington, N. J., of 
Harold J. Horn, a charter member of 
he American Welding Society, and 
VHEREAS: in the death of Harold 
J. Horn. the American Welding So 
e_y Fas lost a faithful member and 
active worker for the advancement of 
the welding irdustry; therefore be 
RESOLVED: that the members 
the Executive Committee of the Amer 
ican Welding Society hereby expre 
their deep regret and sense of loss i 
the death of Harold J. Horn, and thei 
appreciation of his services to 
American Welding Society, and fu 
ther ke it 
RESOLVED: that these Resolutio 
be spread upon the records of the 5: 
ciety and a copy sent to the J. A 
Roebling’s Sons Company, as an e) 
pression of our mutual loss and syn 
pathy. F. T. Liewellyn, 
President. 


Structural Welding Data 
( Reprinted om cl 7 
Engineering News-Record) 
Steady accumulation of data on 
performance of fusion-welded st 
tural parts promises well for the p! 
ress of the new art involved. An 
teresting addition to test facts is n 
by the results obtained with I 
plate connections as reported in 
issue. Connections of this type ar 
first glance not very attractive sub): 
for welding, as any lack of unifor 
might be expected to have an 
vorable effect by virtue of the im 
lar tearing action that can 
The satisfactory character of 
sults is reassuring. The tests fu 
illustrate anew the practical 
alence of a pair of weld beads 
rivet line of normal arrangemen' 
in parts of large size. They 
show that welded connectic! 
available for practical consid 
in massive special structures 
plicated assemblage. As new da 
are brought together, the bact 
of empirical fact on which so 
fied an art as steel constructio! 
sarily rests is extended most 
Sound development of welding 
on due continuance of the pr’ 
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Welding Symposium 


Lehigh University, Monday, April 8, 
1929. 
PROGRAM 
MORNING SESSION 
iv a. m. to noon—Auditorium, Drown 
Hall 
Welding Operations and Their Prac- 
tical Results, by F. T. Llewellyn, pres- 
ident, American Welding Society. 
Followed by general discussion in 
which all are invited to participate. 
AFTERNOON SESSION 
to 4 p. m.—Fritz Engineering Lab- 
oratory. 
Tests of Welded Specimens, as fol- 
ws: Electric Pressure Butt Weld- 
ng, Atomic Hydrogen Arc Welding, 
lectronic Tornado Welding, Are 
Veldinz, Spot Welding (tension test), 
\utomatic Metallic Arc Welding. 
to 4 p. m.—Physics Lecture Room, 
Physies Building. 
Demonstrations of Industrial Weld- 
ng Apparatus,* as follows: Oxy- 
tylene Welding, Thermit Welding, 
vgen Lance Cutting, Atomic Hydro- 
n Are Welding. 
to 4 p. m Welding Laboratory, 
Williams Hall. 
Demonstrations of Industrial Weld- 
Apparatus,* as follows: Automatic 
Welding (two types), Electric 
ire Butt Welding, Spot Weld- 


m.—Fritz Engineering Labora- 
(all groups together). 
of Full-Sized Welded Speci- 
in 800,000-lb. compression ma- 
Oxygen Lance Cutting by driv- 
a hole down the center of a steel 
6" x6" x24". An attempt will 
be made with the oxygen lance 
steel covered with concrete. 
m.—Swimming Tank, Taylor 
nasium, 
er-Water Metal Cutting. The 
Water Metal Cutting Corpora- 
| give a demonstration by one 
perts in diver’s costume of 
steel plate under water by a 
on of electric arc and oxygen 
Owing to the gallery and 
room around the swimming 
yone will have an opportun- 
this demonstration. 


emonstration of welding ap- 
vill be made by representa- 
the manufacturers of the 


ACTIVITIES 


EVENING SESSION 


8 p. m.—Auditorium, Drown Hall. 
Recent Scientific Progress in Weld- 
ing. Introduced by Dr. Peter P. Alex- 
ander. Discussion continued by repre- 
sentatives of manufacturers of all dif- 
ferent types of welding equipment. 


New Buiiding Code Allows Use of 
Welding 


(News Release) 


Thirty-eight municipalities on the 
Pacific Coast now have sections in 
their building codes covering the 
welding of buildings, according to 
an item in the General Electric Re- 
view for April. These cities, now op- 
erating under the regulations laid 
down by the Uniform Building Code, 
have followed the lead of Sacramento 
and Alhambra, which adopted that 
code late in 1927. They are as fol- 
lows: 

Sacramento, Cal.; Alhambra, Cal.; 
Fontana, Cal.; Redlands, Cal.; Ocean- 
side, Cal.; San Bernardino, Cal.; La- 
guna Beach, Cal.; Pomona, Cal.; Fres- 
no, Cal.; Piedmont, Cal.; San Rafael, 
Cal.; Coronado, Cal.; El Monte, Cal.; 
Ontario, Cal.; San Jose, Cal.; Visalia, 
Cal.; Fullerton, Cal.; San Francisco, 
Cal.; Pittsburg, Cal.; Claremont, Col.; 
Walnut Creek, Cal.; Tulare, Cal.; Na- 
tional City, Cal.; San Fernando, Cal.; 
Livermore, Cal.; Berkeley, Cal.; Mar- 
tinez, Cal.; Compton, Cal.; Corcoran, 
Cal.; Madera, Cal.; Eugene, Ore.; Kla 
math Falls, Ore.; Shreveport, La.; 
Monroe, La.; Meridian, Miss.; Eldo 
rado, Ark.; Prescott, Ariz.; Tucson, 
Ariz. 

According to the new building code 
section for these cities, it is now legal 
for the Commissioner of Buildings in 
each place to grant, in the same man- 
ner as for riveted frames, permits for 
the erection of electrically welded 
steel building frames also. 

Section 2710 of the Uniform Build- 
ing Code authorizes the use of weld 
ing and sets forth the essential ele 
ments needed by engineers and archi- 
tects in working out the designs for 
welded joints in steel beams and col- 
umns used in building construction. 

The Pacific Coast Building Confer- 
ence is an organization whose mem- 
bers are the building inspectors and 
commissioners of buildings, banded 
together to secure the adoption of a 
uniform building code. As a result, 
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engineers and architects who design 
buildings, and contractors who build 
them, may have but one type of code 
to conform to instead of a different 
code in each place. 

In addition to the list of names 
given, there are many cities In which 
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the code is either now being adopted 
or the ordinances of adoption are be- 
ing prepared. In the eastern sec- 
tion cf this country, various organi- 
zations have been at work for some 
time on a building code incorporating 
a section covering welding. 


SECTION ACTIVITIES 


Chicago 


On Friday evening, March 1, the 
Chicago Section held its meeting in the 
auditorium of the Engineering Build- 
ing. The subject for discussion at the 
meeting was “The Welding of Pipe in 
Buildings.” Invitations had been sent 
to local heating contractors and to 
members of the local steamfitters 
union, among whom a very active in- 
terest in welding has been aroused. 
The attendance was well over one 
hundred and fifty and the discussion 
did not end until after eleven o'clock 

a record for this se tion. 

The meeting was opened with a 
very interesting two reel film of the 
Gas Products Association which dealt 
with welded pipe installations in a 
most comprehensive manner. The 
ehairman called on J. I. Banash, con 
sulting engineer for the International 
Acetylene Association, who spoke at 
some length on the safety, long life 
and economic aspects of the welded 
installation. From among the audi 
ence considerable data were presented 
by experienced engineers. T. M. Ha- 
mer of the Air Reduction Sales Com- 
pany outlined a procedure for the 
training and testing of welders in a 
thorough fashion. Some of the other 
technical aspects of the subject were 
dealt with by Fred. C. Outcault of the 
Linde Air Products Company. He 
eave various data on different instal 
lations and tests of completed systems 
and the manv types of pive joints. 

W. C. Swift, research engineer of 
the American Brass Company, out 
lined some of the developments of the 
weiaing of brass and conver pipe for 
residence and building installation. 
Spirited discussions followed the pres 
entation of these talks. 


Detroit 


On Wednesday evening, March 20, 
the Detroit Section held a most inter 
esting meeting. Mr. Outeault of the 


Linde Air Products Company gave an 
illustrated lecture on “Welding ol 
Power Plant Piping.” Motion pictures 
were shown on “Oxwelding and Cut 
ting.” 

Northern New York 


The Northern New York Section 
held its monthly meeting on Feb. 21. 
H. A. Woofter of the Swift Electric 
Welder Company gave a lecture on 
resistance welders and _ resistance 
welding applications. His talk dealt 
with some of the history of welding 
as well as applications of the present 
time. There were numerous slides 
shown which illustrated the applic: 
tions of this form of welding and man 
of the welding machines. 

Emphasis was placed on the impo! 
tance of resistance welding in indu 
try because of the high rate of p: 
duction made possible by its use. 
Philadelphia 


The Philadelphia Section will h 
its April meeting on the 15th. J. WV 
Meadowcroft, assistant works ma! 
ager Edward G. Budd Manufacturing 
Company, will be the speaker. Ii 
will speak on “Welding Used Exte! 
sively in the Production of S 
Metal Products.” He will also s! 
slides and two reels of film. rhis 
promises to be a very interesting 
meeting. 


New York 


The March meeting of the \e" 
York Section was held on the &t ul 
which were present some four hu 
members of the Society and oth« 
gineering bodies, including Americal 
Institute of Architects, Americ: In 
stitute of Steel Construction, Ame! 
ean Institute of Civil Engineers I 
struction Club of New York, In 
York Building Congress, St! 
Engineers Society of New Y« 
Vogel of the General Electr 
pany, presented an excellent ré 
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the “Applications of Arc Welding in 
Structural Work.” He dealt with the 
fundamentals of welding, the design 
features involved and illustrated his 
talk with a number of slides showing 
practical applications of welding in 
the structural. field. Considerable dis- 
cussion followed the presentation of 
the paper by a number of prominent 
authorities in the structural field. 
The May meeting, scheduled for the 
Tth, is to be a joint meeting with the 
local section of the American Society 
for Steel Treating. Two papers will 
be presented, one of them by W. L. 
Warner of the General Electric Com- 
pany on “Some Metallurgical Aspects 
of Atomic and Other Electric Weld- 
ng Processes,” and the other by W. 
B. Miller of the Union Carbide and 
Carbon Research Laboratories on 
“Metallurgical Studies of Welds in Al 
iy and Other Special Steels.” 
Portland 
The Portland Section held its month- 
meeting on the 19th of February. 
Through the courtesy of Brown Bros. 
Welding Company of San Francisco 
reels of film were exhibited, show 
the installation of a pipe line for 
hydroelectric project in the Feather 
River country. The field joints of 
line were acetylene welded, and 
e pictures set forth the methods de- 
ed by Brown Bros. to accomplish 
r task through a rugged country. 
The second portion of the evening’s 
gram consisted of views of un- 
ially heavy pressure vessels welded 
the Petroleum Iron Works Com 
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pany of Sharon, Pa. This film was 
sent by this company, together with a 
paper describing the material shown 
on the screen. 

On Jan. 29 a joint meeting was held 
with the Oregon Technica! Council, 
which embraces the National Techni- 
cal Societies having Oregon organiza- 
tions. 

The meeting was addressed by 
Frank P. MeKibben, consulting en- 
gineer for the Genera! Electric Com 
pany, on the subject “Electric Weld 
ing of Steel Buildings and Bridges.” 
Mr. McKibben spoke of the extent to 
which the welding process has been 
used in the erection of steel struc- 
tures, giving the reasons which have 
caused welding to be employed. These 
vary with the particular job—among 
them being savings in material, speed 
of erection, simplicity of design, ease 
in connecting to old structures and 
comparative noiselessness, which in 
some cases is an important considera- 
tion. 

After describing in a general way 
the manner in which welded joints are 
made and the method by which the 
strength of the weld is ascertained, 
Mr. McKibben went into detail as to 
the methods used in the fabrication 
and erection of a steel frame struc- 
ture for a West Philadelphia plant 
Slides were shown illustrating the 
welding methods used in shop produc 
tion and in erecting in the field. 

Some 300 attended the meeting, 
among whom were a number of archi- 
tects and designers. 


EMPLOYMENT SERVICE BULLETIN 


portunities.—The Society is glad to learn of desirable opportunities from 
nsible sources, announcements of which will be published wthout charge 


BULLETIN. 


vices Available-—Under this heading brief announcements (not mor: 
seventy-five words in length) will be published without charge to mem 
Announcements will not be repeated except upon request received afte 
terval of three months; during this period, names and records will re 


the office reference files. 


Copy for publication in the BULLETIN should reach the Society’s 


desired. 


not later than the thirtieth of the month if publication in the following 
ALL REPLIES should be addres: ed to the number indicated 


case and mailed to Society headquarters. 


SERVICES 


Acetylene and Electric Welder desires position. 
nee. Can give refererces. 


AVAILABLE 


Have had two years’ 
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Welding Duriron * 


Peirce D. SCHENCK*t 


- a large proportion of the chemical process industries Duriron equip- 
ment will be encountered, varying in form from such apparatus as 
fans, pumps or valves to large special castings. 


Duriron is essentially an acid-resisting material and while not equally 
resistant to all corrosives, it is undoubtedly more nearly resistant to al 
acids than any other commercially available alloy. 


The successful welding of Duriron requires clear understanding of the 
characteristics of the metal, although it does not differ radically from the 
principles involved in welding gray iron. 

Duriron is really a silicide of iron—the composition being: 


14.25 to 14.50 silicon 


80 to carbon 
30 to .40 manganese 
Balance—iron 


The coefficient of expansion is considerably higher than ordinary gre 
iron. The ultimate tensile strength is about half that of gray iron, a! 
the resistance to impact considerably less. 
The care required in preheating depends very largely on the size 
shape of the casting. Large parts having any considerable area requ! 
“3 very careful preheating in order to maintain uniform expansion. 5n 
cylindrical castings, such as pipe, can be heated quite rapidly wit! 
danger from cracking. In any case the part to be welded should 


: heated to about 600 deg. C. or a bright cherry red. The actual we 
operation is very simi‘ar to the welding of other ferrous materials. 


Practically all of the welding which has been done on Duriron has 
with the oxy-acetylene torch. Arc welding has not been us dt 


extent. and the discussion and suggestions apply entirely to torch ws 
Duriron will not oxidize to any extent under the oxy-acetylene 
It is very fluid when melted and a very s vund weld can be produc 
Z is only necessary to exercise care to see that the edges of the part 
i welded are thoroughly molten while filling in with metal from the » 
rod. 
* Duriron welding rod should always be used and is furnished ot « 
ne the same composition as the castings. Excellent results hav 
obtained with the various fluxes used for cast iron welding. 
Welding is largely used in the actual manufacture of Duriro! 
ment in the factory as we'l as for repair work and alterations 
| vat *Paper to be presented at Annual Meeting, A. W. S$ April, 1929 
+President, The Duriron Co Irn New York, N. 
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ment in the field. In the foundry it is, of course, impractical to us« 
), ordinary chaplets for supporting cores in casting as acid would eat 
' through the chaplet very quickly and ruin the apparatus. Duriron chap- 
lets are rarely used as the molten metal will not fuse with the cold chap- 
lets. It is usually customary therefore to use sand core supports, 
; deliberately leaving small openings in the castings which are afterwards 


easily and efficiently welded shut. 


Occasionally castings which have lugs or other projections broken off 
in handling are salvaged by welding but by far the greater part of the 
factory welding operations consists in building up continuous pipe coils 
or intricate fittings where joints would be objectionable. Fig. 1 illus- 
. trates the type of fittings referred to—the welds having been made at 
the points shown by chalk marks. 


SAND CORE 


~ 
~ 
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SECTION B SN 
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weld Formed By melting Down Edges —~ 


V-Block Supports Allowing Turning 
Of Pipe During delding 


—— moulding Sand Weld Pormed By Melting Down Eapes 
G 


y 


SECTION A 


Welding Duriren Plat Section 


Fic. 1 REPAIRING LURIRON FITTINGS BY WELDIN 


welded metal is of the same thickness as the original wails of the 
having been demonstrated that such a weld properly made is as 
or stronger than the original pipe and, in fact, a thicker pij 
the point of welding is objectionable due to unequal expansic: 
uld tend to develop cracks under high temperature operation. 


rdinary method of butt-welding is illustrated in Fig. 2. The pipe 
velded are placed in V blocks or jigs to maintain alignment. Dry 


res, if available, are inserted: in the pipe at the weld point t: * 
excess metal accumulating in the bore. After preheating, the f 
dges of the pipe are melted down to form the start of the weld and 
ame time welding rod is melted in until the weld is equivalent to i 
thickness of the pipe. Surplus metal should be wiped off with a 7 
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wire brush or asbestos pad and, if carefully done, the weld will scarcely 


be perceptible. 

The question will naturally arise as to the effect of the welding opera- 
tion on acid resistance. Theoretically, of course, there will be a difference 
in structure between the original pipe and the weld. As it happens, how- 
lurgical composition of the weld and the structure are 
so close to the original casting that there is no difference in the effect 
If anything, the weld usually contains slighty denser metal 
is less affected by corrosion. 


ever. the metal 


of acids. 
than the original casting and 


¥ 


Fic. PurRIRON PIPINt 


in service have invariably 


The few welds which have ever failed 
usually be de 


Such slag inclusions can 
d out with a torch. 


signs of slag inclusions. 
by a careful welder and boile 
Successful welding of Duriron has been carried on at a few chemi 
plants for many years, while at other plants, if tried at all, was a! 
doned after the first unsuccessful experiment with the idea that Du 
was a highly special material and not susceptible to successful weldin: 


Curiously enough the welding of Duriron has been develope: 
believe, in the United States to a far greater extent than the weldi: 
similar alloys in other countries. Only recently one of the largest 
facturers of this type of material abroad was very much surprised t 
that it was being welded commercially in the United States. 
alloys to weld an 


Properly handled, Duriron is one of the easiest 
up 


often possible, thus, to salvage expensive equipment or to build 
efficient special pipe layouts without joints, such as heating or 
coils, steam jets, riser pipes, condensers and similar equipment. 
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ce Abstract of Paper on Welded Aluminum 
W- 
re Chemical and Process Industries * 
ct 
ral 3y W. M. DUNLAP+ 
Introduction: 

HE outstanding requirement for materials to be used in the con- : 

| struction of chemical and processing equipment is that they shall ‘ 


resist the corrosive action which will be encountered in service. They 
must also possess sufficient strength to permit the construction of the 
apparatus without unduly heavy sections. In general, the deterioration 
from chemical influences is far greater than that resulting from me- 
chanical causes. 


Tea Spout ForRMED FROM 0.051-INCH ALUMINUM SHEET FLANGED ID 
PREPARATION FOR WELDING : 


commercial material of construction is completely resistant to all 
nts. The choice of the material for any installation is influenced 
\ veral factors, most of which affect the cost of installation. It is 
o 2 tant to realize that the first cost is not the chief consideration, 

: ther the cost per month of service or the cost per pound of product. 
we : s will frequently show an advantage in favor of the installation 
ier initial cost, when replacement, repair and maintenance costs, 

due to idle equipment are considered. 


basis of price per pound, aluminum compares unfavorably with 


; “ the other metals commonly used in the chemical industries. 
is i ' when the price is made on the basis of price per unit volume 


bé presented at annual meeting, A. W. S., April, 1929 


zical Division, Research Bureau, Aluminum Company of America, New 
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of metal or price per section of equivalent strength, the price differential 
is very materially decreased, due to the low specific gravity and the 
higher ratic of tensile strength to mass of metal possessed by aluminum. 
In comparison with some of the other corrosion resistant metals and 
alloys, aluminum has the advantage even from the standpoint of initia! 


cost. 


The effect of the material of construction on the quality of the result- 
ing product is a factor which will frequently outweigh the considerations 
of slightly higher production costs. Aluminum salts are non-toxic. 
Aluminum is therefore, admirably suited for the production of materials 


ALUMINUM DRYING TANK FoR CELLULOSE ACRTAT! 


which are used for human consumption. Aluminum salts are colorless. 
Materials which are graded on the basis of color command a higher price 
when prepared in aluminum equipment rather than in apparatus mad 
from other metals whose colored salts lower the grade of the fi! ished 
product. 

Corrosion 

As commonly used, the term “aluminum” includes light alloys 

aluminum as well as the commercially pure metal. In considering res!s' 
ance to corrosion and chemical action, it is necessary to take ac 


the purity of the metal. In general, the higher the purity the 
aluminum the greater is the resistance to corrosion, especially acie 
media. 

In the literature relative to the corrosion of aluminum, 0 (cer 


reference is made to failure of aluminum equipment due to 
attack at the welded joints. This difficulty can be corrected, i 
proper care in making welds. The metal in the weld is analos | 
casting and there is a tendency toward a difference in solution ntial 
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between the wrought material and the cast material, which would cause 
electrolytic corrosion. It is sometimes possible to hammer the weld and 
the adjacent metal and thus produce a more nearly uniform condition 
throughout the apparatus. But even where this is not possible, careful 


WELDED ALUMINUM FiILTer Bags, GRASSELLI CHEMI 


inship in making and finishing the weld is effective in overcoming 
f the difficulty which might otherwise be experienced. 

ies of commercially. pure aluminum specimens welded with com- 

pure wire and 5 per cent silicon alloy wire was subjected to 

sive action of a spray of 20 per cent salt (NaCl) solution for a 

| six months. A similar series of specimens was subjected to 
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tap water corrosion for a period of 45 weeks. This tap water was a hard 


water of the following analysis: 


130 parts per million 
Ca(HCO, 40.2 parts per million 


A visual examination of the correded specimens indicated that there 
was no appreciable difference in resistance to corrosion between welds 
made with commercially pure wire and 5 per cent silicon alloy wire 
None of the welds showed any appreciable attack in either salt spray 
or tap water. 


Fic. 4 WELDED ALUMINUM CooKgER, Postum CereAL Co 


There did not appear to be any appreciable difference in the resistanc 
to corrosion between the torch side of the weld and the other side. 


When aluminum is subject to corrosive reagents it is desirable that 
there shall be as little tendency toward electrolytic corrosion as possible. 
No other metal should be in contact with the aluminum and with the 
corrosive agent. If another metal is used, it should be insulated from the 
aluminum by some non-conducting material. Even this precaution |! 
not always sufficient, since in some cases heavy metal salts will later | 


precipitated on the aluminum with the solution of an equivalent rht 
of aluminum. The precipitated heavy metal then forms with the 
aluminum an electrolytic couple which still further accelerates the cor 
rosive action. 
Strength of Welds 

ol 


Some tests were made for the purpose of comparing the stre! 
welded commercially pure aluminum pipe with the strength of ¢ 
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inal unwelded material. Since the weld metal is in the cast state, the 
strength of a welded aluminum joint is usually considered as being 
equivalent to the strength of annealed material. However, such an 
assumption does not allow for possible defects in the welds. 


Test samples were prepared from annealed 2S (commercially pure 
aluminum) and annealed 3S (commercially pure aluminum plus 1.25 
per cent manganese) in *4 in., 1 in., and 1% in. iron pipe size. All 
samples were approximately 18 in. long. The test samples were cut in 
half and then welded together. All welds were made in the plant accord- 
ing to commercial practice. The ends to be welded together were first 
chamfered and nicked in the usual manner. Commercially pure welding 


Fic. 5. Wetpep ALL-ALUMINUM TANK CAR 


Wire, which runs from 99.2 per cent to 99.5 per cent aluminum, was 
ised for all welds. The welds were not dressed, but left as made by the 


torch, slightly built up. Care was exercised during welding to get the 


two pieces properly aligned. 

All samples were subjected to tensile and hydrostatic tests. The 
or ests were made by pulling the specimens in an Amsler testing 
machi vith V-grips, using steel plugs in the ends of the tubes to pre- 
vent 


ing by the grips. For hydrostatic tests, the ends of the tubes 
aded and one end capped while the other end was connected to 
essure hand pump, using iron fittings. Internal water pressure 
“icient to burst the sample was applied. 


elded specimens of each size and kind were tested. In addi- 
rn amples of each size and kind of the original unwelded tubing 
| / So as to have a basis of comparison for the welded tubes. A 


ana { the results of these tests is given in the table. 
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Summary of Tensile Tests 
Per Cent 
Sample Elongation Tensile Strength, 
Size Condition a. 8” Lb./Sq. In. 
3/4” 2SO0 Original 46.3 34.2 14,340 
*3/4" 280 Welded 46.8 32.0 13,435 
2SO0 Original 54.5 36.6 12,650 
280 Welded 49.8 29.7 12,975 
1%” 2SO0 Original 55.3 37.1 13,150 
1%4” 2S0 Welded 53.5 31.8 13,175 
3/4” 380 Original] 45.8 27.3 16,680 
3/4” 3SO0 Welded 41.3 23.9 16,665 
by 380 Original 53.5 35.3 14,900 
Welded 49.7 30.8 15,010 
1%” 380 Original 55.3 34.8 15,515 
1%” 380 Welded 53.0 31.2 15,535 
*One of three samples failed at weld. 
Summary of Hydrostatic Tests 
Sample Bursting Pressure, 
Size Condition Lb./Sq. In. 
3/4” 280 Original 2,850 
3/4” 2SO Welded 2,930 
ly 280 Origiral 2.800 
2S0 Welded 2,800 
1%” Original 2,200 
1%” 280 Welded 2,280 
3/4” 380 Original 3,950 
3/4” Welded 3,950 
380 Original 3,200 
1” 3SO Welded 3,330 
1%” 380 Original 2,700 
1%” 3S0 Welded 2,770 


The summary of the test results given above shows quite definitely the 
results obtained. 


Fic. 6. WerLpep ALUMINUM EQUIPMENT FOR POWDER 


In the tensile tests, the stress was applied in a direction per) ula 
to the welded joint, thus tending to pull the weld apart. In | ar 
static tests the opposite is more or less true, that is, the major s'res*™ 
which again are in tension, are applied in the direction of t! welded 
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joint. In this test there is also a secondary tensile stress applied in a 
direction perpendicular to the welded joint. This secondary stress is 
only about half as great as the primary stress, according to the usual 
formule for stresses in the walls of cylinders subjected to internal 
pressure. 


It will be noted from the summary table of tensile tests that there is 
practically no difference between the tensile strength of the welded tubes 
and the original tubes. Moreover, only two out of a total of 18 welded 
samples failed in the welds. This would indicate that the weld is actually 
stronger than the original tube, and it is reasonable to expect this, since 
the tube wall is somewhat heavier at the weld due to the building up of 


metal in the process of welding. Furthermore, the tubes were in the 
soft or annealed condition. 


Fic. 7. Acetic Acip TANKS OF WELDED ALUMINUM 


The summary table of hydrostatic tests also indicates that the welded 
and vinal samples have practically the same strength. In this set of 
tests none of the failures occurred at the welds, but in every case the 
Pipe st between the weld and one end of the sample. This again 
indi that the weld is stronger than the original sample. In the 
hydi ic tests the building up at the weld apparently had the effect 
ta ning rib around the tube. 

It iid be remembered that the original tubing used in these 
ake dead soft, or very nearly so, and that the above discussion 
tg course, not hold for intermediate or hard temper tubing. 
Mehta investigation might have been extended to cover the harder 
i tubing, there was some question at this time as to whether 
pret r f such additional information would justify the increased 


essary. For many uses of welded aluminum tubing where the 
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material is subjected to elevated temperatures, the tubing becomes an- 
nealed in time, and for such cases, the results of these tests are direct]) 
applicable. For other uses of intermediate and hard tempers of aluminun 
tubing where the material is not subjected to heat, it would seem that 
the strength would, in most cases, be governed by the strength of the 
tube immediately adjacent to the welded joints where the material be- 
comes annealed from the heat of welding, again making the results of these 
tests applicable within reasonable limits. 

Epitor’s NOTE: 

The original article by Mr. Dunlap also includes complete information as | 
the welding of aluminum covering such items as welding apparatus, flam 
fluxes, welding wire, preparation of the edges, supporting the work, buck 
produced by welding, torch manipulation, welding sheet aluminum and finish 
ing welds. This information was previously published in a comprehens 
paper on the welding of aluminum and its alloys by Mr. Dunlap in the J 
ary, 1929, issue of the JOURNAL OF THE AMERICAN WELDING Society. // 
therefore not reproduced at this time. Readers are requested to refer back to 
the January number for this information. 


The Production of Ductile Welds in Nickel and 
Monel Metal * 


By N. B. PILLING} and T. E. KIHLGRENt+ 


HE growing use of nickel and nickel alloys in applications such as 

those of the chemical and process industries in which resistance to 
corrosive action is an important requirement, inevitably focusses atten- 
tion upon the jointing methods which are available. Welding is @ par- 
ticularly attractive method of fabrication owning to its flexibility and 
the ease with which tight seams can be made. A considerable advance 
has been made in methods for welding nickel and its principal commer 
cial alloy, monel metal, within the last 10 years and the many engineer 
ing applications which have consumed a large tonnage of metal! an¢ 
ivolved successful fusion welding is in striking contrast to the common 
textbook assertions that nickel is unweldable by fusion methods, an¢ 
‘autioning the welder that great skill and experience are necessary !! 
working with the high nickel-content alloys. While it is true that these 
metals are not as easily handled as steel and other metals ordinarily 
falling within the welding engineer’s experience, the purpose 0! this 
brief paper is to demonstrate that such difficulties as have been expe 
rienced are now largely under control, that the success of we. made 
with these two metals is highly dependent upon details o! elding 
method, and to disclose what these successful methods are. 


The key to the production of good welds lies in the deposition °! metal 


which is metallurgically sound. Many special details of manipu 2 at 
important in applying welding to the construction of welded pmen' 


*Paper to be presented at Annual Meeting, A. W.S., April, 1929 
+The International Nickel Co., Inc., Bayonne, N. J. 
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but are beyond the province of the present discussion, which is concerned 
with the extent to which the quality of nickel and monel metal as laid 
down by several welding methods depends upon the conditions of weld- 
ing. An entirely adequate discussion of these fabricating details has 
been given by Crawford and Schoener* and is covered by the working 
instructions issued by the International Nickel Co. 


Nickel is a metal which is metallurgically far more sensitive to the 
conditions under which it is melted (these general remarks apply with 
equal force to monel metal and other high nickel-content alloys) than are 
iron, steel or many of the high alloy content iron alloys. Sulphur, even 
in minute traces, is highly detrimental to the strength and toughness of 
nickel and it must therefore be rigidly controlled, both as to the original 
ontent (nickel is produced from a sulphide ore) and to the possibility 
f absorption from other substances with which it comes in contact when 
heated. Fused nickel absorbs both carbon and oxygen with avidity and if 
taken up in excess the former appears as flake graphite and the latter 
as an oxide structure, both of which embrittle the solid metal. Nickel 
s also prone to absorb various gases while molten and later eject them 
during freezing to form blowholes and other unsoundness. The metal- 
irgical steps whereby this temperamental metal is reduced to docility 
are complicated, but it sufficies to say that the malleable nickel sheet or 
wire which confronts the welder as material to be welded contains small 
it essential quantities of highly reactive elements, including carbon, 

icon, Manganese and magnesium. The physical quality of the metal 
depends in no small measure upon the retention of these auxiliary ele- 


ments. 


in fusion welding, the very nature of the operation requires a high 
of energy input at the weld in order to confine the fusion locally 
| this unavoidably results in superheating the melted metal and ex- 
posing it under highly unfavorable conditions to reaction with the sur- 
rounding atmosphere. The normal result of such exposure, in the absence 
ot protective measures, is the loss by oxidation of the necessary auxiliary 
elements, followed by the absorption of certain gases and development 
porosity on freezing. The degree to which this occurs depends to a 
considerable extent upon the method and circumstances of fusion. 
kill of the welder comes in by so performing his fusion as to prevent 
ss of these elements and at the same time avoid picking up other 
‘ing substances. While development on the part of the principal 
er of nickel has resulted in the production of sheet and wire more 
le to fusion welding than heretofore, there are other important 

r the welder and it is with these that we are concerned. 


Method of Test 


The has been some discussion recently regarding proper methods 
°! Getcrmining the physical quality of test welds, and it has been sug- 
este’ that owing to the non-uniformity of a welded joint and the trans- 
t+ 


ressing action of the weld section, the simple tension test is 


_Monel Meta) and Nickel: C. A. Crawford and J. GC. Schoener, Acetylene 
XIX, p. 365 (1928). 


Am & F ler, Gas Welding of High-Chromium Corrosion Resistant Alloys; Proc 
’ ting Materials (1928) 
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unsuitable and that failure to show a good tensile elongation across the 
weld does not necessarily indicate a lack of ductility within the weld 
metal. The proposal has been made that a bend test may disclose a satis- 
fying degree of ductility in welds which show an inferior elongation in 
the tension test. We have found, on the contrary, that whenever sound 
welds have been obtained, which also showed high strength, these welds 
almost without exception would show an excellent elongation when 
broken in tension, and believe that the simple tension test is entirely 
adequate to demonstrate strength and ductility properties. 

A good weld in nickel or monel should be sound, strong and ductile, 
and of these three qualities soundness seems to be most fundamental. 
Unsoundness may originate in unskillful welding, as laps or other im- 
perfections of a physical nature, or may result from the separation of 
gas from solution during the freezing of the metal. The latter is prob- 
ably closely related to the detailed composition of the metal, the tem- 
perature reached in welding, the nature of the atmosphere in contact 
with the fused metal and the presence of reactive substances supplied 
externally as in fluxes or coating materials. Soundness—that is, freedom 
from gas holes—is considered to be the most important factor in nickel 
and monel welding for the reason that other desirable properties seem 
to be directly determined by it. That is, soundness, high strength and 
high ductility all go rather consistently together and any loss in one is 
usually associated with corresponding losses in the others. The reason 
for this close connection is obvious on reflection, for the breaking load 
in the tension test will depend upon the smallest effective load-bearing 
cross-section, and the elongation will tend to become more highly lo 
ized within the weld as the proportion of voids, and consequent stress 
concentration, increases. 

The nickel (Grade A) and monel metal were taken from selected heats 
chosen as representative of the grade of these metals commercially avai 
able at the present time. They were in the form of hot-rolled, annealed 
plate 44 in. thick, sheared into coupons 3 in. x 6 in. The test welds were 
all double-seamed butts, made by uniting the 3 in. sides of two coupons, 
and in all cases the weld during fusion was backed up by a graphi 
block. The tension test specimen was prepared by milling off th 
adges of the weld about ' in. leaving a reduced section 2 in. wide and 
5 in. long. All the present welds were made with matched filler and 
plate, i. e., with plate and wire cut from the same stock. They were tested 
in the “as welded” condition, without being subjected to heat treatment 
or to any mechanical improvement, as by hammering. 


two 


It should be particularly noted that the tension tests had two 
tives requiring two different test specimens. In demonstrating th 
of welding technique the excess weld metal was carefully dress 
much as possible, leaving the welded section uniform in thicknes 
usually forced the break to occur in the weld and allowed calcu! 
the actual breaking stress of the weld metal. In this case the stress @! 
fracture has been computed for both plate and weld sections. In ther 
series in which the strength of the joint as a whole was in t 
the weld metal was left in full section and the breaking stress « 
to the plate section. 
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Metallic Arc Welds 


With the metallic method of welding, in which the filler wire also 
serves as one of the arc electrodes, the superheating of the fused metal, 
particularly that forming the are crater on the wire, is so great that 
not only is chemical reactivity between metal and atmosphere intense, 
but the content of magnesium, small though it is, may pass off by dis- 
tillation. Arc welds made in the open air without a protective atmos- 
phere are almost certain to be highly porous and exceedingly brittle. A 
protective atmosphere which will displace air, and introduce no other 
detrimental gas is an essential requirement for the production of sound 
are welds, and one way of conveniently achieving this is by the use of a 
suitable coating on the electrode wire. A good coating of this sort was 
described by Merica and Schoener* involving the use of a powdered 
magnesium-manganese-silicon alloy, and operating on the theory of 
supplying additional magnesium to the fused metal to make up for that 
lost. Using this coating, Merica and Schoener were the first to produce 
luctile are welds of monel metal, their tests showing a breaking strength 

17,100 lb. sq. in. with 9.7 per cent elongation. A more recent develop- 
ment along this linet employs a coating material containing titanium and 
alcium as active ingredients, proportioned such that the percentage of 
itanium present in the mixture is about four times that of calcium. The 
perating principle of this coating material is that the calcium, being 
ghly volatile at arc temperature, forms a harmless vapor jacket dis- 
acing air from around the arc, while the titanium, resisting vaporiza- 
n, persists as a highly reducing element in the fusion protecting it 
rom oxidation. Other coating materials of a reducing nature, includ- 

silicon, calcium-silicon, mangnesium, manganese, vanadium, zircon- 

borax, lamp-black and fusible silicate compounds have proved to 

slight value. 

‘he titanium-calcium electrode coating may be prepared from ferro- 
nium and calcium-silicon; the aluminothermic alloy containing 25 
ent Ti and the calcium alloy containing 35 per cent Ca are suitable, 
being brittle enough to allow grinding to the required fineness 
150 mesh.) The combined powders (1 part CaSi to 5 parts FeTi by: 
Yelght) are mixed with a binder, preferably a gum-base varnish, and 
ated electrodes allowed to dry before use. It is necessary that the 
s of this coating be adequate; a minimum thickness of .008 in. 
) in. electrode has been found desirable. This coating material, 
lesignation “Inco Electric Welding Flux” is distributed by the 
International Nickel Co. to users of nickel and mone] metal. 


Ta [ following presents some tests of nickel and monel welds, 
m ‘ing the effects of bare and coated electrodes. 
Pri nese it will be seen that it is rather more difficult to obtain 
weld high quality with nickel than with monel. This appears to be 
a ve neral truth, and may be expressed roughly, that nickel is more 
sensit to abuse in welding by any method than is monel. That is, 
any d ture from the conditions of welding which have been found 


up as inferior weld quality sooner with nickel than with monel. 


Welding Soe... May, 1922, p. 13 
1,679,002 and 1,679,003. 
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Table 1—Metallic Arc Welds 


(Dressed) 
TENSION TEST 
Stress at Frac- Elong. 
ture, Lb./Sq. In. Across 
No. In In Weld, 
Metal Electrode Coating Tests Plate Weld Yo 2” 
Nickel Unwelded plate 3 73,500 48.8 
Bare 4 7,000 5,600* 0.7 
Titanium-calcium 7 40,700 35,400* 8.0 
Monel Unwelded plate 3 79,300 42.6 
Bare 4 18,200 15,800* 2.5 
Magnesium-mangarese-silicon 6 62,200 53,100* 17.4 
Titanium-calcium 6 72,700 60,300 27.0 q 


*Break in weld 
Carbon Arc Welds 

In one important particular, the carbon are method differs from the 
metallic arc. The filler wire no longer acts as one electrode of the arc, 
and in consequence the metal droplet does not reach the extremely high 
temperature that it does in the metallic arc. It is probable that the ver) 
marked superiority of carbon are welds of nickel and monel metal is du: 
to this colder operation, rather than to the change in are atmosphere. 
It is highly necessary to coat the filler wire, and the titanium-calcium 
mixture has been found excellent, the general rules for its use being th« 
same as with metallic arc welding. 


Table 2 summarizes the tensile properties of carbon are welds. 
Table 2—Carbon Are Welds 


(Dressed) 
TENSION TEST 
Stress at Frac- tlong. 
ture, Lb./Sq. In. Across 
No. In In Weld, 
Metal Coating Tests Plate Weld 
Nickel Unwelded plate 3 75,400 50.6 
Bare 3 47,000 38,000* 6.8 
Titanium-calcium 5 60,300 50,500" 18.7 
Monel Unwelded plate 2 73,400 t 
Bare 6 47,100 36,200* 0 
Titanium-calcium 6 73,600 57,900 


*Fracture 


through weld. 


Oxyacetylene Welds 
While the temperature reached in welding with the oxyacetylen: 
is probably considerably lower than with the carbon arc, a difficul! 
dition arises from the extremely oxidizing condition of certain por' 
of the oxyacetylene flame with which the fused metal may come 1 
contact. Even with the flame adjusted for a slight “feather” of color, 

its strong oxidizing action results in the formation of a surface - 
largely of magnesium oxide, and in a strong inclination for b! le 
formation. The scummy surface may become heavy enough to in' 
with the flow of the metal and this sometimes tempts the opera’ 
indulge in the use of fluxes. While it is very true that the fluidit ol 
the fusion and perfection of penetration can be greatly impr 
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fluxes such as boric acid and borax, they are apt to be over-active and 
by continually removing the oxide crust allow the oxidation of magnesium 
and other elements to proceed so far that metallurgical difficulty is en- 
countered. This is particularly the case with nickel, and at times even 
short welds have cracked apart spontaneously on cooling, whereas welds 
with the same metal and similar in all respects except the use of flux 
have been of good quality. Over-fluxing also increases the liability 
toward gas precipitation and porosity in the finished weld. A good 
oxyacetylene weld in either nickel or monel should freeze quietly at the 
end of the seam leaving a broad, shallow pipe or depression. Any dis- 
play of sparks or volcanics indicates unsoundness. 


As ordinarily handled, the oxyacetylene torch is directed along the 
line of the weld to be made such that the expended flame gases are dis- 
sipated ahead of the weld. Under these conditions the molten weld 
metal freezes very quickly and close to the torch flame, aided probably 
by the inrush of cold air caused by the injector action of the flame jet. 


Table 3—Oxyacetylene Welds 


(Dressed) 
TENSION TEST 
Stress at Frac- Elong. 
ture, Lb./Sq.In. Across 
No. In In Weld, 
Metal Special Condition of Test Tests Plate Weld %o 2” 
Nickel Unwelded plate 3 75,400 50.6 
Norma! 5 45,900 39,700* 9.9 
Boric acid flux 6 32,400 27,300* 5.0 
Flame reversed 5 58,300 45,000* 17.3 
Borated acetylene 6 59,500 47,100* 20.4 
Borated acetylene, flame reversed 4 58,800 48,000* 20.4 
Vonel Unwelded plate 2 73,400 46.5 
Normal 6 47,600 44,300* 8.3 
: Boric acid flux 6 59,000 47,400* 16.2 
Flame reversed 6 70,900 52,700 33.8 
Borated acetylene 6 71,200 52,300 33.8 


ture through weld 


This condition of rapid freezing is made manifest by sharp, crescent- 
ed ripple markings on the weld surface, indicating that the edge of 
treezing metal is in contact with the depression under the flame jet. 
ipparent that any gas discharged from the fusion during freezing 

1 poor chance to rise out, but tends to remain as blowholes. The 
ndition designated in table 3 as “normal” exemplifies this use of 


hi 


ech rch. Under these conditions welds made with either nickel or 
n are not so good and show elongation values under 10 per cent. 
ns Reversing the direction of the torch flame such that the expended 
in vases bathe the recently deposited metal delays the freezing of the weld 
lor, met nd improves its soundness considerably. The effectiveness of this 
1m, maneuver in improving the quality of the deposited metal is 
le: shown in table 3. 
ere \ delaying the rate of freezing is helpful, we have found another 
_ m ivenient way of improving the soundness consisting in imparting | 
; “i wh it controlled fluxing action to the flame itself, accomplished by | 


ing a gaseous boron compound, into the acetylene supply. This 
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can be easily done by a method which will be described later. The 
borated oxyacetylene flame is colored green but no difficulty in adjusting 
its proportions is encountered. Fluxing by this means has the obvious 
advantages that the flux follows the flame, is always present where most 
needed and is subject to close control. With both nickel and monel it 
was possible to make the weld at a faster rate with the borated flame 
than with the ordinary flame, owing to the somewhat easier flowing 
quality which the flame imparted. It is interesting to see that combining 
the reversal of flame with the borate method gives results with nickel} 
which are practically identical in quality with those made with borate 
alone. It seems likely that the beneficial action in both cases has a com- 
mon origin in the elimination of blowholes in the nickel weld. In the first 
case this is achieved by more perfect clearance of the fusion from gas 
which has already precipitated; in the second the mild fluxing action of 
the flame allows the weld to be made more rapidly and hence at a lower 
temperature, whereby the opportunity for the formation of the offend 
ing gas is lessened. 
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Borating the acetylene supply is a matter of little difficulty, and can 
be done by bubbling the gas through a solution of the boron compound. 
The proportion taken up by the acetylene depends upon the kind of solu- 
tion, and a suitable one for use with nickel and monel is ethyle borate in 
alcohol. This can be made by dissolving finely powdered boric oxide or 
fused boric acid in denatured grain (ethyl) alcohol, taking care to have 
a good excess of undissolved powder. Fig. 1 shows a sketch of a borat- 
ing bubbler which can be constructed from pipe fittings by any welder 
and is sufficient for the purpose. This should be inserted in the acetylene 
supply line between the reducing valve and the torch. 


Cracking of Welds 


Both nickel and monel metal are fragile at a temperature just below 
their freezing points and if put under stress at this temperature will 
easily break. When a welded seam is remelted, as in building up or re- 
seaming the weld, a crack may form down the center of the weld passing 
entirely through the seam. This occurs because at the edge of the plate 
where the fusion is begun the entire tensile load due to the thermal expan- 
sion of the plate metal is borne by the freshly solidified metal, and once 
a crack forms it is self-propagating, following the torch closely. If the 
simple precaution is observed, never to start refusion at an exposed edge, 
but leave an inch or two of cold metal to bear the thermal stress, free- 
dom from this kind of cracking is assured. All of the test specimens 
which have been discussed were reseamed in this way successfully. 

Cracking may also develop, even on the first seam, if the weld is over- 
fluxed. In this case the cause appears to be an excessive dissipation of 

ignesium from the molten weld metal, so that the now well-known 

rittleement* from the minute sulphur content of the metal occurs. 
remedy for this is obvious. 


Raw Welds 


All of the preceding tension tests have been made on butt welds in 
wi as much as possible of the excess weld metal was dressed off, 
oncentrating attention on the quality of the weld metal itself, rather 
ian on the joint as a whole. A few test results may now be of interest 
9 show the strength properties of simple butt-welded joints in % in. 
hick nickel and monel metal plate, made by the best operating methods 
pre isly disclosed. 

lable 4—Strength of Raw, Double-Seamed Butt Welds, 1/8” Plate 
Breaking Elong. Joint 
: Stress in Across Effi- 
Met i No. in Plate, Weld, ciency, 
a Welding Method Tests Lb./Sq. In. 2” 
— Metallic are, coated 4 74,000 32.1 98 
Carbon arc, coated 3 67,800 30.0 90 
Mor Acetylene borated 4 72,000 34.5 96 
mem Metallic arc, coated 5 73,000 34.7 99 
Carbon are, coated 4 72,400 33.5 98 
Acetylene, borated 4 70,900 40.5 96 
and R. G. Waltenberg, Bureau of Stds. Technologic Paper #281 (1925). 
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The arc welds were all made using the titanium electrode coating previ- j 
ously described, and the acetylene welds were all made with borated > 
acetylene, the welding procedure in other respects being normal. \f 

In every case these full-section welds broke outside of the weld in the ; 


adjacent plate section which had been heated by the welding operation. 14 
It is a matter of no difficulty, therefore, to obtain welds by any of these 
methods in which the weld-metal section is stronger than the plate, and 

with overall joint efficiencies of 90 to 95 per cent. 


Summary 
Both nickel and monel metal are excellently adapted for fabrication by 
fusion welding methods; the production of welds which are strong, sound 
and ductile requires adherence to suitable methods of welding rather 
than the exercise of a high degree of manual skill. Details of good 
methods have been discussed and the great extent to which the quality A 
of welds in these two metals depends upon welding method illustrated 
with tension test examples. 


Of the arc methods, the carbon arc yields a weld metal superior in 
strength and soundness to that laid down by the metallic are and is 
preferred when possible. Welds of excellent quality can be produced by 
the acetylene flame provided the fluxing conditions are controlled. While 
the three welding methods yield rather different qualities of weld metal, 
the specific strength of the weld metal is sufficiently high so that the 
a excess in thickness of the weld ordinarily suffices to bring its total 
strength well above that of the plate. The strength of such butt joints n 
se is from 90 to 95 per cent that of the rolled plate. 0 


d 
f Training Welders at Dunwoody Institute * 
M. REED BAss+ 

a OURTEEN years ago Dunwoody Institute began the training in 
4] evening classes of oxy-acetylene welders and the work has been W 
| maintained from year to year, constantly increasing since that time. W 
me The Institute, which is located in Minneapolis, is a privately endowed al 
ed school, established under the will of Mr. William Hood Dunwoody. Tui- as 
tion is free to residents of the State of Minnesota. Certain special !ces er 

are required for the various courses but an effort is made to keep these re 
to the minimum. Those who attend the school from other States [) 

; the entire cost of the instruction. Day, part-time and evening classes «'" of 
Re operated. In these evening classes training is given for sixty-five (!'- lay 
i ferent occupations, one of which is welding. th 
i When the Institute was established in 1914 a survey was made the re 

occupations in the city of Minneapolis for the duties of which worsc's le 
needed training. It was seen at once that one of the most promi 'n! sas 
of these was welding. As a result, welding was one of the & st “id 

*Paper to be presented before Annual Meeting, A. W. S., April, 1929. cre 


Assistant Director Dunwoody Industrial Institute, Minneapolis, Minn 
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classes established in the evening extension school, a school, incidentally, 
which is open only to boys and men who are employed in trade and 
industries. 


At the outset, training was given in oxy-acetylene welding only, but 
later electric arc welding was added. One class was offered for twenty 
pupils. During the present school year five classes have been offered, 
which have served a total of nearly two hundred students. From the 
outset, four hours of instruction were given during an evening session, 
two hours being devoted to job work and two hours to class work. Now 
three and one-half hours are devoted to shop work and thirty minutes 
to class work. This change has come about because the school realized 
from experience that beginners in welding work need more practice and 
not so much theory. 


Several problems have been faced constantly by the school from the 

a start. One of the most important of these is the selection of a competent 

; instructor. Obviously, he must be a man with outstanding experience 

and success as a welder himself. Welding is a practical proposition and 

innot be taught by any man who does not have the skill and practical 
knowledge which a tradesman must use in this line. 


Obviously, the instructor must be master of the use of welding, both 

the oxy-acetylene method and by the electric arc method. Instruction 

n any given night is individual. At the present time opportunities are 

pen for men to get training according to their wants in the welding 

ff steel, cast iron, aluminum, malleable iron, copper and brass. Since 

men wanting the experience with different kinds of material are present 
the shop floor on any night, the instructors who serve them must, of 
se, be able to give them individually what they need. 


ry\ 
) 


in addition, progress in the use of welding in new ways has brought 
demands on the school] to furnish training for men in all such specialties 
as steam fitting, plumbing, airplane construction, and the like. For 


these, special classes are usually arranged with specially qualified in- 
structors. 
n Every effort is made to confine this instruction in welding to workers 
n who are engaged in lines of employment for which the ability to do 
e. Welding work constitutes an additional asset. Carpenters, for example, 
4 are not eligible for admission, nor bakers, but people from all such lines 
i as the following: automobile, machinists, tool makers, sheet meta! work- 
es ers, boiler makers, blacksmiths, plumbers, steam fitters and a. iation 
repair men. 
Ay The records of the school indicate that probably no work which it has 


offs re 


arye 


n the various lines it provides has been so successful in giving 
nbers of students an additional wage-earning asset upon which 

been able to realize almost immediately. The result of all this 
he , that, as was indicated above, the enrollment has grown very 
. d the resources of the school have been pushed to the limit in 
rovide the services needed. Usually there is a waiting list of 

students. 

measure of the growth of the work is furnished by the in- 
‘he equipment used. At the outset ten torches were available; 
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now the number is thirty-four and they are kept busy virtually every : 
night of the seven months’ session of the evening school. 
At the present time only one arc welding machine is available, which i 
provides instruction for two men per night, but the school is contemplat- > 
ing increasing its equipment so as to serve a minimum of twelve men per 
night. 


One feature which should be discussed here is the question of the \ 
cost. Evening school instruction in welding is more costly than any 
other kind of service. This is not so much a matter of the first cost of 
the equipment when compared with the cost of equipment for other lines 
of evening school service. It is the cost of the gas, electric current and 
supplies used in the instruction, a factor which has prevented many eve- 
ning schools from going into this sort of instruction and which has also ; 
prevented many evening schools from giving adequate practice in welding y 
work. 


Some idea of this cost may be furnished by this statement: Our expe- 
rience shows that the cost averages not less than 50 cents per student- 
4 hour for gases and materia!s, which means $2.00 per student for a four- 
& hour evening class, the cost of the instructor being an addition to this 
expenditure. No evening school, public or private, can carry on welding 
without setting up a special fee to help meet the cost of the extra expen- 


- ditures due to the nature of the work. The Dunwoody students pay an 

average of 15 cents per student-hour as a special fee as against the cost 

» 
a of 50 cents per student-hour plus the cost of the instructor. 


Students attend four hours per night, one night per week, for a period 
of twenty-five weeks, a total of 100 hours per year. The actual cost to 
the school for this service is about $50.00 for gas and materials and about 
$10.00 for the instructor, a total of $60.00, not counting any overhead. 
7 For this service the student pays $10.00 plus a registration fee of $5.00, 
e or, in other words, he puts in $15.00 and the school puts in an outlay 
‘ which it would not be able to make if it were not an endowed institution. 
That is the purpose of the endowment. 


By the customary policy of the school, instructors in welding are paid 
for their first year’s service at the rate of $1.75 per hour and rise in a 
period of four years to a maximum of $2.50. This means that the present 
quota of instructors is being paid at the rate of $10.00 per night for 
their services. 


Under the foregoing conditions the school, naturally enough, has been 
a tremendously interested in everything that would keep down the cost 
and yet make for efficient instruction. Among the devices that have been 
used the following are probably worth noting: 


In the very nature of the work, it is impossible to carry on production t 
in this course and sell the output, as is done in some of the other evening th 
school classes. The school, therefore, has resorted to the trick oi e™ B eve 
ploying scrap material of all kinds in the welding work and this has 
served just as well as new material. Furthermore, the school has learne¢ val 
that lighter material serves just as well for practice by the novice «= ‘ is 
heavier material and by using lighter material and a smaller tip, tra:"'"* ag 
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’ results can be secured just as efficiently as would be secured with a larger 
“ tip and heavier material. 
> This serves for a part of the course, after which the larger tip and 


the heavier material are brought into the training scheme. Incidentally, rivet 
it should be noted also that the school is now planning to install its own tae 
acetylene generator in order to reduce the first cost of this material. 

The demand for instruction in welding, particularly from those who 
live outside the Twin Cities and cannot attend the evening classes, has 
grown to the point where the school has decided to open during the next 
school year, beginning October lst, a day school course. This course is ia 
designed to serve the needs of persons employed in industries where 
welding equipment is used, who can profit by the instruction. 


STUDENT WELDERS AT WORK. 


the fourteen years that have elapsed since the welding work 
|, the Institute has trained more than 1400 different workmen 
. These workmen are engaged in this work not only in the 
inneapolis and St. Paul but throughout the Northwest and in 
pi of the country. The demand for the service is increasing 
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has operated very few courses of instruction about whose 
‘more certain than about the value of the welding, and there 


that the institution has rendered in which its officials take 
.tisfaction, 
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Welding in Aircraft Construction * 


By RicHARD M. Mockt 


IRCRAFT construction has progressed so rapidly in recent years 
that it has been quite difficult to follow in all its details. From 
the almost universal use of wood structures with metal fittings we 
have come to structures of various high strength alloys. Among the 
first metallic airplane structures (Fokker, 1911) were craft with car- 
bon steel welded tubular fuselages and wood wings, a type of design 
which is the most popular today. Parallel to this development has 
been the airplane of duralumin. Because of the fact that duralumin 
cannot be welded successfully, rivets are almost exclusively employed 
The majority of airplanes of this type have been constructed of cor- 
rugated sheet which, in addition to being part of the structure, forms 
the covering. In these airplanes only the most highly stressed parts 
are of steel. 


A type of construction which is almost standard practice in En- 
gland and used by a few manufacturers in the United States, is that 
employing duralumin tubes with steel fittings. Here, the steel fittings 
are of welded construction, but because of the fact that many Euro- 
pean countries do not permit welding in the primary structure, it is 
necessary that these parts be machined. The Curtis Falcon, standard 
observation plane of the Army Air Corps follows this type of con- 
struction with welded steel fittings for securing the duralumin tubes. 


With our increased knowledge of metal airplane construction We 
are slowly replacing parts of wood. Wherever high stresses occu’, 
steel seems to be the most economical material from a strength weight 
viewpoint. The use of steel naturally leads to welded construction. 
In parts where more bulk of material is needed, duralumin is mor 
common, making for riveted construction. 


Though welded fuselage structures have been standard practice [0 


the past few years, it is the opinion that welding was ret: arded 0} 
the lack of knowledge of the subject on the part of the aircraft de 
signer. Of late, numerous tests have been run by various gence 
such as the Bureau of Standards, Army Air Corps and various 1p" 
vidual manufacturers on the strength of welded structures. This | 
creased knowledge of welding has resulted in an increased ol 
welded parts. Welded steel control surfaces are now almost 

on all American airplanes and though the majority of wings are *™ 
constructed of wood there is an increasing tendency toward mee 
both duralumin and weided steel. Fittings of duralumin «nd 1 
are used in about equal quantities. Heat treatment faci! hav’ 
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*Paper to be presented at annual meeting, A. W. S., April, 
+Aeronautical engineer, Bellanca Aircraft Corporation, New Castle, 
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aided greatly in the use of both duralumin and steel construction and 
now heat treated welded parts are common practice. 


The question of whether or not to use a welded structure in a 
certain design depends upon many factors. The size of the airplane, 
the service to which it is to be put, the quantities in which it is to be 
produced, its price class, the materials available for manufacture, as 


| LANDING GEAR FITTING AND WING HINGE FITTING, CURTISS 
SUIT PLANE Nore THe River To INSURE STRENGTH 
THis Is Not COMMON PRACTICE 


well the trained personnel that may be secured easily. In this 
— it is practically standard practice to employ welded steel 

“Sing In the fuselage structure. The usual practice is to employ 
round tee] 


tubes braced in the form of a truss with the tubes 
meetiy concentrically. 


Four longitudinal members give the fuselage 
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its rectangular cross section and these are braced by additional cross 
tubes or wires. At the rear of the fuselage, simple joints are employed 
while at the forward portion it is desirable to have the interior unob- 
structed, necessitating a rigid box without cross bracing. Various de- 
signs for joint welding in steel tubing have been used, but rather 


Fic. 2. FuseLAGe JoINTs SHOWING BRACING AND REINFORCEMENT. BELLANCA ©. H 
MONOPLANE 


than state that certain types of joints are more successful than others, 
it has been found that if certain principles are followed the maximum 
strength will be developed. It is practically impossible to test every 
type of joint that might be used in any design. Tests on typical joints 
have shown that maximum strength may be obtained by taking ex 
ceptional care that the proper amount of heat is given to each the 
parts welded. This may be obtained by proper arrangement 
members as well as not having too great difference in thickn: 
materials. It must be recalled that exceptionally light gages ar 
in aircraft construction, most being .035 inches or .049 inch¢ 
sometimes running as low as .022 inches. If care is not taken, one 
piece of metal will be burned before the other has reached the prope! 
temperature for fusion. 

Edge welds should be avoided and provision should be made 
welds may be made away from the heavy members toward the 
ones. When very light gage material is employed welds sh 
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made from one side only. In addition, care must be taken that the 
members will cool without causing undue internal stresses. This often 
causes cracking in a light gage member when it is one of a number that 
form a cluster of tubes, or it is welded to a much heavier member. As 
the tubes cool after welding, there is a certain amount of annealing 
adjacent to the weld. If the design of the joint is such that there is a 
complete circle of weld around the tube, and there is a bending stress 
in the member, it will undoubtedly fail in this annealed portion. A 
complete circle of weld usually may be eliminated by producing a 
“sceraff” or “fish mouth” effect which in addition gives a slightly longer 
weld. Though this slightly increases the cost of production, the re- 
sulting increase in strength is more than compensated. Of course, in 
all our simple tubular columns we have a circle of weld at the ends 
and for this reason we never employ a coefficient of fixity of more than 
two when using any of the column formule. When members are con- 


tinuous through a joint, they are calculated as two separate members 
meeting at the joint. 


In the design of welded joints it is nearly always possible to elimi- 
nate welds in tension and place them in shear. Failures have been 
known when tension welds have pulled out completely by tearing in 
the annealed portion. 


~e 


Fic. 3. TYpPicaL FITTINGS oF Be_Lanca C. H. MONOPLANE 


It is usually customary to have all the members meet concentrically 
unless the eccentricity is taken into account in the design of the 
affected members. 


Otten, in our airplanes, we find it necessary to employ other than 


round members. To give strength in the proper direction I-beam sec- 
“ons, box sections and oval sections are employed. To facilitate man- 
ulacture, square section tubing is also used. Practically all of these 
‘ are employed in the construction of a Bellanca fuselage. In 
. much of the secondary structure, such as cowl and fairing 


Sect} 


addition) 


‘upports, control braces, pulley housings, ete., are welded to the pri- 
Mary structure. 

Ov ally. by i 
' ‘ onally, by force of circumstances, one has to break some of 

hy rules of welded joint design. In our planes we have been 
LOTrcers 


weld a %4-in. steel lug to an 0.049-in. sheet. To do this prop- 

necessary to have two welders with two torches. The helper 

preheating the heavy piece while the welder joins the two 
It might be well to mention at this point another “trick” 
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that is often resorted to. Should it be necessary to weld to one side 
of a tube, the tube will bend so that it is concave on the welded side. 
A little heat applied to the opposite side will straighten it. 


Regarding the design of welded joints and trusses, one most impor- 
tant point must be mentioned; that is cost. One of the largest items is 
the labor cost. This is divided between the cost of preparing the 
members and that of welding them. The ends of members should be 
simple so that they may be prepared cheaply. Odd curves, slots, fish 
mouths, all tend to increase cost. In addition, the welds should not 
be exceptionally long. Rather than use an extremely long weld, a dif- 


Fic. 4 CurRTIss FITTINGS FoR ENpDs oF DURALUMIN TUBES 


ferent section member might be substituted. Provision should also b 
made so that the truss will fit a jig without too much complicatio 


Until recently practically all aircraft fittings were of welded 
struction. Now there is a great tendency toward forgings and gh 
strength aluminum alloy castings. These parts are usually developed 
by first building up a welded fitting and later substituting the ‘ors- 
ing or casting. However, a considerable number of highly stresset 
parts are being welded and heat treated or normalized later. 
is quite common on tension members. Often a small unit of an assem 
bly, perhaps a part of landing gear, is heat treated and welded ' 
airplane afterward. This is accomplished by welding to a p 
sufficiently far from the highly stressed unit heat treated that t! 
of welding will not affect the heat treatment. It has been propose 
though never accomplished, to the writer’s knowledge, of heat |! 
ing these assemblies while in jigs, so that they will not be distorte¢ 
during heat treatment. It is believed that by careful heat tr 
no undue stresses will be set up in the assembly. 
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: For experimental purposes, welded structures seem exceptionally 

desirable. Elaborate jigs are unnecessary, equipment is comparative- 

Ry ly cheap and changes may be executed with a minimum of effort. Part 

> may be tack welded and if finally decided upon the weld is corapleted, 


if not the part may be knocked off without injury. 


Airplane control surfaces of welded steel tube construction are now 
becoming quite common. They usually consist of one large diameter 
main member, with small diameter, light gage tube welded to it. 


WELDED LANDING GeaR Box or BELLANCA C. H. MONOPLANE Ir Is Con- 
I SHEET STEEL AND SQUARE SecTION TuBING. THE Material Is CHROME 
MOLYBDENUM STEEL 


Welded rings are being constructed with spars built up of two tubes 

d about 8 in. apart, with a Warren truss of tubing welded be- 
twe them. It is understood that considerable labor is sometimes ex- 
per ed in welding. This is accomplished by continual heating and 
hammered until the desired lines are obtained. Heat-treating fur- 

ces are now available for heat treating spars up to 25 ft. long. Welded 
Wing ribs are not believed desirable because of their weight and the 


difficulty in getting a perfect contour for the wing section. 

pit ; In addition to welding in steel, a great deal of aluminum welding is 
yer ‘one. This is especially on gasoline and oil tanks. Tanks of both 
es “‘uminum and duralumin are riveted and then the seams and rivet 
a : holes welded over. Fittings for plumbing to the tanks are also welded 
sae . " pla Other aluminum welding is done, to a slight extent, on cowl- 
the “eS and fairings. 

tiol lo return to the aircraft steel, I should like to mention something 
heat — e materials used. The most common is crome molybdenum 
sed, iy ~. A. E. 4130 specification. In sheet, it is designated 4130X. 


molybdenum steels have certain air hardening properties, 
: ‘e them highly desirable for welding. Light gage parts may 
>ment “tbe worked in the annealed state and then welded with the rapid 

~ resulting in a certain amount of heat treatment. Occasion- 
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ally in parts where repeated stresses occur, such as in engine mount- 
ings, it is desirable to have more bulky material for the same strength, 
and here 1020 carbon steels are sometimes employed. However, chrome 
molybdenum steel would give a still higher strength for the same 
weight and there would not be the possibility of a workman mistaking 
carbon steel tubing for chrome molybdenum which might result in dis- 
aster. For this reason only chrome molybdenum tubing is kept in 
most shops. However, for fittings, which are usually built up from 
sheet stock, carbon steel is sometimes desirable where intricate bends 
fre necessary and continued reheating employed. Occasionally, espe- 
cially in large diameter tubes, chrome molybdenum cannot be obtained 
and it is necessary to resort to carbon steels with carbon content as 
low as 1015. 


Fic. 6. CurTiss Conpor—TWIN ENGINED BoMBER. WING SPANS OF CHROMI 
DENUM STEEL TuBING. Note USE oF OvaL MEMBERS 


Nickel steel is used almost exclusively in bolts and excepti 


highly stressed members. Though welding of nickel steels is pro 
hibited, we have found that a highly skilled welder can weld nicke! 
steel quite successfully. However, the human element is too great ane 
welding of nickel steel poor practice. 

One other welded material that is used in limited quantities (0 4° 
planes is Stellite. Tail skid shoes receive considerable abras and, 


though of manganese steel, are usually finished with a 4s-in. 
Stellite, welded to the bottom. 
For welding chrome molybdenum members, Swedish iron 


t nea 


rod has proved the most satisfactory. When members are | 
treated after welding, there has been a tendency toward t! 
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rod of the same material as the parts to be welded in order to give a 
more homogeneous unit after heat treatment. We have found by 
actual test that an excellent joint, though somewhat more difficult to 
weld, can be obtained. This applies only to parts for heat treatments. 
Some authorities state that they have tested joints using chrome 
molybdenum rod and have had consistently high values and then 
found one member with strength about one-quarter of the rest. This 
might be attributed to the difficulty of welding. 


As to welding equipment, because of our greater knowledge and 
experience in the use of gas welding, oxy-acetylene is used almost ex- 
clusively. I know of only one manufacturer employing electric arc 
welding. Other forms of electric welding are used to a certain extent 
by some of the automobile manufacturers who have taken up the manu- 
facture of airplanes. The cost of elaborate and complicated jigs has 
been almost prohibitive for use in designs that are changing so rapid- 
ly and being produced in such limited quantities. Torches for aircraft 
welding are usually quite light and employ fairly fine tips. We have 
found that our men prefer a light weight torch with a good grip, about 
1‘. in. in diameter, eliminating fatigue in a day of welding with a 
light torch. 


In endeavoring to avoid the problems of strength of welds, warpage, 
jigs, production methods, training and supervision of welders, many 
man ufacturers are employing riveted duralumin structure. In weld- 
ing duralumin it is well known that due to welding the strength is 
lost. The strength cannot be restored by any form of heat treatment. 
In riveted structures of light gage duralumin the heading of the rivets 
causes the metal to elongate, necessitating jigs almost as elaborate as 
those to prevent warpage in welded structures. There is an in- 
creased labor cost, as practically every riveter must be assisted by 
aheader. In addition, there is again the problem of workmanship. If 
the holes for locating the rivets are not drilled properly a few of the 
rivets will carry the entire load, necessitating the use of an excessive 
humber of rivets to prevent failure. Should the rivet holes be elon- 
vated additional complications will result. 


In welding fuselages we have the great problem of warpage and 
‘ruling up. It might be well to describe the methods employed in the 
Bellanca shops. The tubes are first cut to exact size and prepared for 
in the fuselage jig. By preparation is meant the ends are 
all bench. welding possible is completed. The members are 
ed in a heavy jig of angle irons. This jig is built to have 
ame shape as the fuselage so that with the tubes clamped in the 
er the angles they form the side truss panels of the fuselage. 
panels may be welded at once. In this jig all of the outside 

completed. The jig is mounted on bearings so that it may 
turned over for welding the bottom. No tack welds are em- 
l, welds being completed. Tack welds are avoided as the 
ze vould have the tendency to pull the tacks, or if they were too 
ise some harm. About 75 per cent of the welding is com- 


ea his jig. The side trusses are then taken out and stored 
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temporarily. In taking the trusses out of this jig there is practically 
no tendency for the members to cling to the angles and no tendency 
to spring after being removed. The panel checks to within % in. 
Using this jig, we can produce six side panels or three pairs in one 
eight-hour day, employing four welders and two set-up men. Hereto- 
fore, fuselage welding has been the “neck of the bottle” in aircraft 
By using more men and working shifts practically, the 
rate of production can be increased considerably. At Bellanca we be- 
lieve we have our welding problems pretty well licked. Mr. Harold 
Schneider, our welding foreman, has designed both this jig, as wel! 
In addition, he is in charge of training and su- 


production. 


as our assembly jig. 
pervision of welders. 

The fuselage assembly jig is of much lighter construction than the 
jig described above. It, too, is made of angles but of light gag 
Unlike the primary jig, it supports the members from the outside. In 
it are placed two side frames, the cross members are then located and 
welded in place, wing hinges first and then engine mount, later work- 
ing back to the tail, where the tail post is welded in place as the last 
operation. In this jig all welds except about 5 per cent are completed. 
Upon removal, the fuselage is true for length within ‘s in., while the 
hinges are never more than 1/32 in. out, if at all. It must be realized 
that this is exceptionally accurate, considering the complication of the 
truss and possibilities of warpage and deflection. 


After leaving this last jig, the landing gear assembly is welded 
in place. This consists of a box built up of sheet steel and square 
section tubular cross members. Then tie rods are put in place and 
trued up. The welds are now minutely inspected and fuselage passed 
on to be protected against corrosion. 


A few words might be mentioned regarding our methods of 
ing welders. We have found it cheaper and better to start a 
man than to break in an experienced welder to aircraft work. 
experienced man on heavier material must first unlearn his old ha! 
The apprentice welder spends his first few weeks on the bench 
ing scrap and then goes to tacking secondary structural parts 
as fairing strips, cowl supports, pulley housings, etc. He is always 
under the supervision of an experienced welder. After about six 
weeks of tacking he starts tacking fittings and parts of secondary im 
portance. He continues for about six months when he is welding 
of the primary structure, and about three months later is usually quali- 
fied for any type of welding. Welders are tested about every tW° 
weeks. It has been found that continued inspection and testing tends 
to make the welder more careful with his work. 
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How to Organize and Operate an Industrial 
Welding School * 


R. K. RANDALL*t 


IKE any other subject pertaining to general welding problems, the 
4 successful operation of a welding school offers so many variables that 
the laying down of any set rule is impractical. However, there are cer- 
tain business and academic rules that can be applied with some degree of 
uniformity in making a welding school function. 


We will start with the assumption that some individual or group wants 
to start a welding school. The picking out of a location is to be considered 
first. The location must be centrally located so that students can be en- 
rolled from all sections of the city, and also that out-of-town students can 


get 


et to their classes with the least amount of time being spent in transit. 


In most cities there is usually a certain center that stands out as an 
educational section; for instance, in Cleveland, we are located in a section 
hat supports three business colleges; also the Y. M. C. A. Schools and 
the Y. W. C. A. Schools and another small shop that gives machine prac- 
tice. This location gives us a certain amount of what might be termed 
transient enrollments. In other words, men sometimes shop for educa- 
ion, and if they are undecided just what they want, a visit to our school, 
accompanied by the pyrotechnic display, sometimes makes them decide 
that welding is an interesting trade, and worth while taking up. 
The building oecupied by the school is, of course, important. 


ull 


he first place seen by the prospective student. 


+ 


The office 
I have studied prospects 
or about eight years and I am convinced that the majority of men who 
investigate trade schools do so with a certain feeling of suspicion. The 
irst step is to disarm them of this feeling and make them feel that they 
are among men who are really interested in them, and understand the 
trade about which the prospect is interested. 


The sales talk that takes place during the prospect’s visit may be either 

the high-pressure or conservative type. I strongly recommend the con- 
‘ervative sales talk, 

After a short talk with the prospect, we take him out to see the shop 
tabor tory. 


Our’s is equipped with sixteen oxy-acetylene welding 
‘orcaes, also cutting equipment is set up on individual trucks. We 
manifold our gases, and each student gets his own correct pressure from 
idividual line regulators. We feel that the more makes of torches the 
“ucent becomes familiar with, the more confidence he has; therefore we 
‘ave not standardized. We also have two 200 amp. arc welding machines. 


presented at annual meeting, A. W. S., April, 
Welding School, Cleveland, Ohio. 
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We will assume that John Doe has visited our shop, seen the school, and 
enrolled. What do we do with him? 
We start him out with a two-hour lecture on equipment, make him set 
up an outfit, turn on the gases, and get a neutral flame by adjusting the 
cross-bars on his regulators, and show the effects of the different flames 


Z on metal. We then assign him to a torch and he starts off. It would be 

5 a long story to tell of all the steps he goes through to learn welding; 
: suffice to say that every step is carefully planned. 

Material 

ie We pay fancy prices per pound for our scrap material that the student 
; is given to practise on. It is a real item in the cost of training. We have 


sheared for us light gage metal into pieces 6 in. x 4 in. We have ‘',-in. 
steel cut by shears into pieces 2 ft. x 1% in. We have our 5/16-in. steel 
purchased in pieces 8 in. x 12 ft. long. These we cut up into coupons 
with the cutting torch. Cast iron is purchased from junk yards, care 
being used that the pieces selected are of the “rigid” type so that expan 
sion and contraction problems are always presented. Cast aluminum 
pieces are also purchased the same way. To sum up the foregoing, we 
believe that the material used for practise should be of shape and size to 4 
suggest “Value” rather than “Scrap.” 


Training and Instructors 
: The number of hours training necessary to give a man enough manual 
‘ skill to enable him, upon the completion of the course to hold down a job, 4 


is variable. My honest opinion is that the average intelligent man can 
acquire enough skill to successfully hold down a job with eighty hours 
training, providing that the training is carefully mapped out and given 
under the direction of capable instructors. Notice I said “Instructors,” 
not welders. 

We have three extra night instructors and we insist that they read and § 
F keep up with the fundamentals of good teaching as outlined by leading § 
vocational teachers. It is a hard task to pick up men who have the quali- 
fications of welder and teacher, but careful selection from a group of 
applicants will usually solve this important problem. 


Checking Welder’s Ability 


We do not hold rigidly to an eighty-hour program, however, and give 
extended student hours to those who need it at no extra cost. When we @ 
accept a man for training, he is accepted on a probation basis, and at the 
end of a few days, if we feel that the student is making no progress and §@ 
does not show the initiative and mental ability necessary to become a @ 
welder, we try to discourage him. We refund to him his money with the 
exception of a small fee that we are entitled to for whatever little gas he 
may have used. 


When a man starts, we pay special attention to what might be terme: 
general interest in his work, general adaptibility, and initiative. I! 4 
man shows a reasonable amount of the three above traits, he may 
considered as suitable material to develop into a welder. However, 
addition to this, constant checking up of his work is necessary to sce 
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whether he possesses that other quality of job conscientiousness, or, in 
other words, honesty in his work. 


The breaking of welds of cast iron or steel; the breaking of aluminum 
welds; the breaking of brazes made on these materials is very necessary, 
as it does make the student perform each operation to the best of his 
ability and because it teaches him that appearance is secondary and that 
the quality of the operation is what he is graded on. I might add that 
with every job we have a job sheet or questionnaire, so that, in addition 
to the practice training received on a given operation, he must have a 
reasonable talking knowledge of the process. These papers are graded, 
and it is interesting to observe the interest that is taken in preparing 
the answers. We do not have any final certification tests, but insist that 
each man pass tests to our satisfaction after each operation is completed. 


Placing the Welders 


A welding school is really a manufacturing plant, only instead of turn- 
ing out barrels, or automobiles, it turns out welders. In other words, for 
a welding school to be successful, it is necessary to know where the manu- 
factured product, that is, the welder, can be marketed. In order to do 
this, constant contact must be kept with local and semi-local firms using 
welders. Form letters, keeping before these firms the fact that your 
graduates are capable men, bring results, and usually the demand on us 
for graduates exceeds the supply. The value of cooperation with employ- 
ment managers cannot be over-estimated. We devote an hour a day to 
nothing but placement service at the office, and in addition to this, we do 
a great deal of other missionary work to help our students get placed. 


Incidentally, a great many of the industries are hostile and would not 
take one of our men if they knew he was just out of school. However, 
these same firms, in spite of this fact, accept many of our graduates with- 
out knowing, and are satisfied with their work. Any school, however, 
devoting time enough to placement service can, and will, eventually over- 
come the existing prejudices that some firms have against welding school 
graduates. Incidentally, the time and effort spent among placement lines 
represents a real financial factor in the cost of operating a school. 


Commercial Work 


The question is often raised as to whether or not a welding school is 
justified in accepting commercial work; having students do the work. My 
answer to this is generally “NO.” We do, however, solicit certain jobs 
because they have varied types of welding on them. For instance, we 
make paint tanks made up from a shell with a welded longitudinal seam, 
the top and bottom are made of cast steel; on the sides are trunions; into 
the trunions are welded the axles. Inside the tank we fit an agitator made 
up of °s-in. round steel, 14 in. x 1% in. angle. When we have an order 
for these tanks, we let the advanced students do most of the work on these 
tanks because we feel it is a remarkable opportunity for what is known 
as “transfer of training,” that is, applying the principles of practice to 
actual work. We also weld an automobile frame or a cracked cylinder 
block with the same thought in mind. 


Jobs of this nature do, of course, add to the income of the school, but 
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our experience has been that in order to have students do commercial 
work, the supervision necessary to carry out this program adds to the ; 
general over-head so much that it is not profitable. 


The training every student receives must be so thorough that he goes 
out as a “booster,” not a “knocker.” Our experience is that every student 
who goes away satisfied will eventually send in another prospect. Forty- 
five per cent of our present enrollment is with us due to the recommenda- 
tion of formey students. 


We sell the Oxy-acetylene welding course as one unit, and the Electric 
Arc welding course as another unit. Invariably, a man only signs up for 
one of these units, but it is interesting to note that eventually he comes 
back for the other course. 


Interest in Students 3 


Last, but not least, a welding school can only be successfully operated 
by men who are willing to feel an interest in their fellowman. The good 
they can do him by giving him proper training must be, in some measure, 
a compensation for the time and effort spent. Those in charge should be 
of the type to get a thrill from the fact that Bill Jones, Tom Smith, or 
any other student that they train, is being helped to a higher plane of 
living, that the man becomes a greater asset to the community, due to his 
increased wages, that the man is perhaps taken out of monotonous factory 
production environment, or dull office routine, and placed in a trade that 
has a future, a trade that is interesting work, and a trade that is truly 
fascinating. 


How to Organize and Operate an Industrial 
Welding School * 


F. E. RoGerst 


F the title were put in the form of a question the answer or answers 

would depend on what kind of an industrial welding school was meant 
As we see it, there are five outstanding types of schools for industria! 
welding training, as follows: 


1. The vocational school run by a city in connection with the city 
school system, in which welding instruction is given. 


2. The privately operated school that trains men for various trades 
including welding, for a fee. 

3. Trade union schools run by local unions for the instruction of tht 
members in welding so that they can qualify for pipe welding, and oth: 
welding and cutting operations met in the construction of buildings, an 
so forth. 


4. The school, operated by a company or corporation selling weldin; 
equipment, to train men of the executive type for their customers tha! 


* Paper to be presented before annual meeting, A. W. S., April, 1929 
jPublicity manager, Air Reduction Sales Co., New York. 
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need foremen and supervisors who can intelligently direct welding opera- 
tions. 


5. The school operated by a company or corporation to train men in 
welding for its own employment. 


Organization of a school comprehends the selection of an instructor, 
arrangement of a training course, fitting out a welding workroom and 
selection of applicants for training. The welding equipment required 
depends upon whether the school is to train in the oxyacetylene or electric 
are processes, or both. The following pertains to oxyacetylene welding 
training, but certain general principles up to a point apply to both 
processes. 


The. matters of selection and fitness of applicants are to large extent 
automatically taken care of in schools Nos, 1, 2 and 3, because men enter 
these schools as a rule of their own volition, and at their own expense. 
If they find they are not interested in welding work or feel they have 
not the bent for it they are likely to drop out before finishing. 


This governs to some extent the operation of vocational welding 
schools. The action of the Common Council, the Board of Aldermen or 
whoever controls the city school system depends to large degree on the 
public attitude to any special course. If a trial class, supported perhaps 
by subscription, attracts sufficient members to fill, and the members con- 
tinue to attend and display interest, the natural conclusion is that they 
see a future in welding, and are minded to give up the time and energy 
necessary to acquire proficiency in the trade. The vocational school in 
welding may then be continued at city expense on the theory that there 
is real interest in welding and real need for welders. 


Also the privately operated school No. 2 that trains men for a fee 
does not need to consider personal fitness except that it would be poor 
business to take on a man who would simply be wasting time and money. 
The applicants as a rule will have carefully considered the matter before 
paying their money. Having paid in they are likely to get all they can 
out of the course, and make themselves as proficient as possible. Some 
may find that they have made a mistake, but the probability is that most 
of the class will make good and apply what they have learned. 


Trade union members who take up welding are generally men who 
have sensed the need of learning welding because they have run into 
situations where the ability would have been useful and very desirable. 
Having already demonstrated mechanical ability they are quite likely to 
learn welding quickly and to acquire a fairly good grasp of principles, 
provided the instructor is a real honest-to-goodness teacher fitted for his 
job. 


The welding school operated by a company selling welding equipment 
to train men of the executive type for their customers will be filled by 
men sent by their respective concerns for training. In this case the 
men are selected for the school by the respective concerns, and the 
problem of determining fitness is not up to the school director. Personal 
welding proficiency is not so important an end as that of recognizing 
proficiency or lack of it, and acquiring welding vision. 
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The school run by a company or corporation needing more welders 
must carefully select applicants as well as train them in welding prac- 
tice. Many applicants are likely to feel they have nothing to lose by 
taking the welding course because they would be paid for their time while 
learning, and if they do not like welding they are at liberty to turn to 
something else. In other words, the company takes all the risk. 


It is then up to the personnel director, or the one in charge of welding 
instruction, to determine beforehand as far as possible whether an appli- 
cant is by nature, inclination, previous training and general character- 
istics likely to make a good welder. Selection of applicants for instruc- 
tion in welding for a company’s employment should, of course, be along 
the company’s policy as to employment in general, and particularly with 
reference to age, health, physical condition, eyesight, mechanical skill, 
moral qualities, previous experience, intelligence, education and executive 
ability. 

Age: Asa rule, the age limits for a life job should be between 18 and 
35. Mechanics, steamfitters, plumbers and intelligent iron workers up 
to 40 may be favorably considered, other factors being favorable because 
of previous experience and skill in using tools. 


Health: Of course, only men in good health, with all faculties normal, 
should be eligible. 


Physical Condition: Although health and physical condition are ordi- 
narily considered as the same they are not necessarily so as regards 
selection for welding training. The loss of a foot or the leg below the 
knee, or a stiff knee joint does not necessarily prevent a man from becom- 
ing a good welder. Other physical disabilities might be mentioned that 
could be ignored in considering an applicant who otherwise would qualify. 


Eyesight: Eyesight also is part of physical condition, but it is one 
requiring special investigation. A welder must have good eyes and 
normal! vision. He must be able to see through colored lenses and see 
oxide formations and unequal heating in a temperature of 3000 degrees 
F. or more and to interpret what he sees. 

Mechanical Skill: By this we mean the applicant should have some 
natural aptitude for handling tools and apparatus. 


Moral Qualities: Under this head should be habits of industry, honesty 
and ability to work with others. Honesty is highly important because 
a man without well-developed moral sense will not as a rule be a depend- 
able welder. 

Previous Training: Men who have learned a trade and worked at it 
are likely to be good welders if they have been successful in their previ- 
ous occupation and provided that they are genuinely interested in welding. 

Intelligence: By intelligence we mean the ability to understand direc- 
tions and to carry them out; also the ability to learn and to understand 
new principles, 

Education: A welder should have had a common school education—be 
able to read, write, and make ordinary arithmetical computations. 


Executive Ability: This is or is not important, depending on what the 
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applicant's future position is to be. However, it is always desirable in 
men who are being trained at company expense, and is a factor to be 
carefully considered from a managerial viewpoint. Some unpromising 
material for welders may turn out to be valuable in an executive way be- 
cause of ability to command respect and to direct the work of others. 


Welding School Workroom;: Quarters to be set apart and equipment to 
be provided for a welding school depend of course on whether the school 
is to be temporary or permanent. The following suggests facilities desir 
able for a permanent school: a small lecture room furnished with table, 
chairs, blackboard and charts of apparatus; also welding apparatus sec- 
tioned to show construction and how it functions. 

The work shop should be fitted out with welding outfits, one or more 
cutting torches, welding tables, work bench with two substantial vises, 
grinder, hammers, chisels, wrenches, pliers, files, and so forth. A tensile 
testing machine of 50,000 pounds capacity is desirable but not absolutely 
necessary. 

Although an oxygen manifold and an acetylene generator with dis- 
tributing pipe lines to the welding stations would be more in harmony 
with an up-to-date industrial installation, they will not be included here 
because the average welder is more likely to work with portable outfits. 
Therefore, he should become thoroughly familiar with this type of weld- 
ing and cutting apparatus. If at some time in the future he should 
obtain employment in a welding shop having pipe line distribution it 
will be an easy matter to adapt himself to the new conditions. 


Adjacent to the workroom should be a wash room and toilets, and 
lockers should be provided for each member of the class. Space must also 
be available for oxygen and acetylene cylinders, filled and empty. Over 
alls, gloves and goygles should also be provided in order to insure that 
each member be properly clothed for welding. 


Instruction: Although the instructor must be a teacher and have ability 
to lecture and to talk to a class in terms they understand, he should also 
be very practical and have a common sense view of his subject. Instruc- 
tion along the line of mostly welding and little theory will as a rule give 
the best satisfaction. A class should be limited to ten for one instruc- 
tor, each member being assigned a welding station and outfit. 


First, the class is shown the apparatus and the instructor illustrates 
how it should be assembled and put into operation. He will stress the 
proper sequence of operations in setting up, turning on the gases, light- 
ing the torch with the sparklighter and shutting down. The class will 
then be required to take their equipment to their respective station and 
set up for welding following the sequence employed by the instructor. 
The first period devoted to setting up, turning on the gases, lighting the 
torch and shutting down, removing the regulators and hose and stowing 
away, accompanied by a talk by the instructor on the importance of 
always following instructions and what may happen if they are ignored 
puts the class at ease. They become familiar with the feel of the torch, 
manipulating the pressure regulators and needle valves, lighting and 
extinguishing the flames. Each member should be assigned an outfit 
and be required to stow it in his own locker when not in use. 
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Welding, rest and lecture or discussion periods should follow one after 
another in a schedule planned to fit the morning and afternoon sessions. 
The periods should be short in order to maintain interest and to accus- 
tom the men to welding without becoming unduly fatigued. Welding 
exercise at first is very tiring to the inexperienced man because of the 
dress, goggles, unfamiliar apparatus and close attention necessary. 

The following schedule suggested for the school periods runs from 9 
A. M. to4 P.M. Although it does not fit the working hours of an indus- 
trial plant it can be used as a basis for apportioning the time assigned to 
instruction. 

9:00 to 9:15 Assembly, roll call, announcements and setting up 
apparatus. 
9:15 to 10:15 Welding exercises. 

10:15 to 10:30 Rest period. 

10:30 to 11:00 Lecture. 

11:00 to 12:00 Welding exercises. 

12:00 to 1:00 Lunch 

1:00 to 1:15 Assembly and discussion. 

1:15 to 2:15 Welding exercises. 

2:15 to 2:30 Rest period. 

2:30 to 2:45 Questions and answers. 

2:45 to 3:45 Welding exercises. 

3:45 to 4:00 Shutting down, stowing apparatus, cleaning welding 
tables, replacing empty cylinders, etc. 

Progress will be faster and more will be learned by following a liberal 
schedule than if the welding periods are unduly prolonged. Division of 
instruction and the regular occupation can perhaps be best made by 
devoting only one-half day to the school, in which case welding instruc- 
tion should be in the forenoon. 

Evening Classes: Evening classes in vocational, trade and industrial 
schools as a rule are run on a more intensive schedule because of the 
limited time available. The time period of from two to two and one- 
half hours is devoted chiefly to welding exercises. The instructor may 
give a short talk at assembly, and hold an informal question and answer 
period during a brief rest period. The attitude toward theory and tech- 
nical information should largely be governed by the class average of men 
attending. 

Testing Welds: Each student welder tests his own welds by breaking 
them in a vise. At first the instructor must point out the defects and 
the causes. Then each one should be required to find we'd defects, show 
them to the instructor and tell him what caused them. “Confession is 
good for the soul,” and when a learner gets into the way of frankly 
criticizing his own work, pointing out the defects and telling why they 
appear he is on the high road to improvement. Testing welds may be 
varied by polishing, etching and examining the grain structure through 
the microscope; also by pulling apart if a testing machine is available. 

The theory of successful welding instruction in brief is to select the 
right types of men, train them to be orderly and systematic, teach them 
sound welding principles, require every weld to be broken and examined 
for defects, and to build up self respect and confidence. 
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Training Welders * 


L. S. THURSTON+ 


T was not until after the World War had commenced in 1914 that the 

possibilities and value of welding were appreciated or utilized to any 
great extent. And even then the process, either gas or electric, was used 
more for repairs than for fabrication. It became at once apparent that 
there was need for men trained in the art of welding and to meet that 
demand schools were established in a few parts of the country where the 
process was practically taught. The theoretical study of conditions met 
in welding various materials as well as of the various processes was, 
however, largely neglected in such schools. 


The wonderful possibilities of welding were soon recognized and sales 
of equipment showed a rapid growth until about the first of the year 
1921, when they began to decline for two reasons: First, a business 
depression and, second, a lack of confidence on the part of the public. 
It is in connection with the latter feature that this paper is written. 


While the schools during their early days were rather rudely equipped, 
they nevertheless succeeded in turning out many skillful welders, relative- 
ly few, however, compared to the number who undertook welding jobs and 
posed as welders. The latter class naturally soon lost the confidence of 
their employers, not on‘y in their ability to weld but in the process itself 
and it was not until several years later that this prejudice began to be 
overcome. A typical curve of sales of welding equipment (Fig. 1) 
clearly illustrates this condition. 


About the year 1924 welding began to be appreciated as a process for 
fabrication as well as for repairs and again the necessity for well-trained, 
conscientious welders became apparent. Men who had pretended to be, 
or thought they were welders, as well as those who wanted to be, realized 
this condition. So did the schools. 


. In the are welding school, established many years ago by the General 
Electric Company in its Schenectady works, nearly 1000 men have re- 
ceived practical training. The course has been gradually expanded unti! 
it now covers all forms of arc-welded joints—butt, lap, edge and corner, 
including flat or horizontal, vertical and overhead. In addition, the 
course includes two weeks’ practice with the automatic are welding 
machine and, where students have become sufficiently adept, two weeks’ 
practice in fabricating various pieces of equipment. This latter part of 
the course is of great assistance in developing the student’s confidence. 

The school is equipped with a number of individual welding booths, 
each furnished with a current controlling resistor by means of which 
the student may obtain the desired welding current. Each booth also 

*Paper to be presented before annual meeting, A. W. S., April, 1929 

‘Industrial Department, General Electric Co., S« henectady, N. Y 
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contains an iron-topped bench upon which the welding is done, a stool, 
a receptacle for spare electrodes and a suitable length welding lead with 
electrode-holder attached. Power is supplied from 60 volt, constant 
potential, multiple-operator generators and there is no interference of 
one operator by another. (See Fig. 2.) 

The course in hand-welding comprises 40 lessons, each requiring an 
average of one day to complete by an ordinarily intelligent man. A 
competent instructor with an assistant is constantly in attendance, and 
no student is passed on to the next lesson until he has completed his 


Approximate Growth 
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Welding 
Based upon Sales of Equipment 
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previous ones to the satisfaction of the instructor. To assist the student, 


the instructor carefully examines his work and explains when necessary 


his faults and how to correct them. Experience has proved that men 
under 30 years of age make the best welders, as their muscles being 
more supple, enable them to better control the arc length—and they also 
learn more quickly. 


Students are graded in accordance with their ability, grade A being 
classed as “good and rapid”; grade B as “good but slow’; and grade C 
as “poor.” The first two are given a certificate of proficiency upon 
leaving. A student who after the first two weeks displays inability or 
unwillingness to learn, is given notice that if he does not show marked 
improvement in another week he will be dropped from the school. By 


this means only good welders are “graduated,” as the requirements are 
high. 
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There should be an established uniform method of teaching and grad- 
ing welders and of furnishing them with a diploma or credential which 
would be universally recognized by employers. The standards of such 
training courses should be set as high as existing knowledge of the art 
permits and only those men who are able to attain a proficiency of over 


Fic. 2. OPERATOR IN CORRECT WEBLDING POSITION IN ARC WELDING 
SCHOOL 


80 per cent should be classed as skilled welders and given diplomas. As 
a suggestion for such standards the writer would recommend something 
like the following: 


Qualifications Standard 
1. Personal habits 5 
2. Reliability 35 
3. Ability to learn 10 
4. Quality of work 40 
5. Rapidity of work 10 


Perfection 100 
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Under the above scheme a Class A welder should attain at least 90 
per cent, and a Class B welder 80 per cent of “Perfection.” No welder 
should be graded 100 per cent. Item I and 2 would have to be left 
largely to the opinion of the instructor or examiner. The remaining 
three items could be fixed by establishing definite standards. For ex- 
ample, “Ability to learn” could be defined as the time required to success- 
fully complete an established number and kind of practical welding 
lessons or “samples”; “Quality of work” could be fixed as a ratio of 
strength and quality of weld to that of the material which had been 
welded; and “Rapidity of work” could be based on a time standard for 
making a specified kind of joint in a given material, using a definite heat 
and electrode if any. Some of these qualifications, such as Number 5 
and possibly Number 3 might have to be changed in value as the art 
progresses. 


Where practical training only is carried on and men take up the work 
at any time, it is difficult to coordinate any lecture course or class cover- 
ing the theoretical part of welding. Educational institutions should do 
far more than they do now to establish courses and teach their students 
the fundamental theories of the various welding processes, the metal- 
lurgical problems involved, and the different types of equipment used. 


A simple form or method of making such tests should be created and 


standardized for use by employers, so that they could readily check the 
work of their employees. 


If some such program as above outlined were adopted and recognized 
and if all schools would set and maintain a high standard of instruction 
and give certificates of proficiency only to those who met such standards, 
there would be little cause on the part of employers or the public to doubt 
that welding is a safe fabricating process. Moreover, the use of welding 
would increase to far greater extent than at present. 


DISCUSSION OF PAPERS 


Written discussion of all the papers to be presented 
at the Annual Meeting is particularly invited. Mem- 
bers of the Society who will be unable to attend are 
urged to send in their discussions. 
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Strength of Butt Welds* 


G. Loso, JR.+ 
I. Introduction 


It is reasonable to assume that a weld made under certain conditions 
is better than that made under other conditions, and that the “perfect” 
weld will be obtained only when all conditions are right. Another way 
of saying the same thing is that if any one condition is not made correct 
then the weld can not be perfect. There are a great many variables 
which enter into the making of a weld, and we are endeavoring to isolate 
each one and to determine when each is right, so that by combining the 


correct conditions for each variable a “perfect” weld will be the result. 


This paper covers the results obtained in a preliminary investigation 
and an investigation of three of the variables affecting the strength of 
a butt weld made with the metallic arc. 

An examination of the variables which may affect the strength or 
quality of a butt weld shows that they are fifteen in number, which may 
be classified as follows: 


1. Parent Metal. 
a. Chemica] composition. 
b. Metallurgical conditions. 
c. Thickness. 


2. Electrode. 
a. Chemical composition. 
b. Metal!urgical conditions. 
c. Flux used (or bare). 
d. Size of wire. 


3. Preparation of Joint. 

a. Scarf angle. 

b. Free distance. 

c. Single V or double V. 

d. Method of weld deposition. 
e. Cleaning. 


4. Workmanship. 
a. Current density. 
b. Length of are 
c. Manipulation of arc 


Before attempting to study the effect of these variables, it was felt 
necessary to develop a test specimen such that the results obtained would 
be consistent and would give the information desired from the tests. In 
order to do this the following requisites for a welded test piece were 
drawn up, and the results obtained from tests on various shapes were 
examined to see how they fulfilled the requisites. 


* Paper to be presented before Annual Meeting, A. W. S., April, 1929 
Research Engineer, Westinghouse Elec. & Mfe Co., East Pittsburgh, Pa 
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Table T | 
Notched Tensile Test Piece 
case weld section bevel ult.strength 
#/in. 

1 FA 0° 43.200 
2 FY 27 .8° 50,800 
3 27.8° 46,400 
4 17.8° 44,200 
5 23.7° 47,900 
6 50 ,500 


Note:- Each value is the average of two tests. 


Fic. 1. AMSLER HyprRaULic TresTING MACHINE 
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1. Uniform stress distribution at the minimum section. 
29 Elimination of stress concentration or mass effects. 
3. Failure of specimen should occur at the weld. 
4. Maintenance of proper cross-section of weld. 

For the majority of the tensile tests an Amsler Hydraulic Testing 
Machine shown on Fig. 1 of 100,000 lbs. capacity was used although for 
some of the preliminary tests a similar machine of 20,000 lbs. capacity 
was employed. For the fatigue tests machines of a modified Farmer 
type shown in Fig. 2 were used, employing a rotating beam test piece. 


Fic. 2. Faticus Testinc MACHINE 


The extension (except on the standard tensile test pieces, where a 
ng Extensometer was used) on the test pieces was measured by 
ins of Huggenberger Tensometers, shown in Fig. 3. These instru- 
ts multiply the extension 1200 times, so that one scale division on 
instrument is equivalent to an extension of .000033 inches of the 
men. This corresponds roughly to 1200 lbs./sq. in. per scale divi- 

with tenths of a scale division easily estimated. 


clection of Test Piece. 
first type of test specimen tried had a shape as given in Fig. 4. 
were all made with half-inch plate, with varying bevels and scarf 
This shape of test piece was found very unsatisfactory since 
ress distribution at the weld section was far from uniform and the 
‘orners introduced other factors which rendered the results un- 
Although Huggenberger Tensometers were used, no elastic 
y! ties could be determined, since they varied greatly, depending on 
ition of the instruments on the test piece. In general, the strains 
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were larger near the ends than in the center, so that the values of stress 
found will be too low. 

A test piece with rectangular cross-section (Fig. 5) was tried next. 
Two pieces with a cross-section 1 in. x 's in. and a 45 deg. single V and 
eight pieces 3 x ‘2 and a 30 deg. single V were tested. 

Both sizes showed effects of non-uniform loading, as shown by the 
presence of some bending at the weld section. In the smaller piece this 
was not bad, and probably did not affect the ultimate strength to any 
great extent. In the 3 in. weld pieces, however, this bending was quite 
large, causing the specimen to tear rather than fracture. 


Fic. 3 HUGGENBERGER TENSOMETERS 


In order to remove the bending, standard tensile test pieces (Fig. ' 
were then machined from the welded joints in a 7% in. plate. Since | 
grips for these specimens have lubricated spherical seats, the bendi: 
‘an be almost entirely eliminated. These tests gave good results, 
were unsatisfactory in two respects. When the weld was a good « 
failure did not occur in the weld, and in addition, the fact that a rou 
specimen was machined from a rectangular plate may or may not h: 
had some effect on the strength. 


Although these tests were only intended as preliminary tests, 
results are of some interest and so they are given in Tables I, II and 
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Table II 
a Rectangular Tensile Test Piece 
Red. 
Prop. Limit, Ult.Stress, Modulus E, El. in 1”, of Area, 
Section Bevel Lb./Sq. In. Lb./In. Lb./In. Per Cent Per Cent 
1x1/2 45° V. 21,600 56,100 24.0 3.3 


3x1/2 30° V. 47,700 12.3 


WELD TEST PIECES 


a... & FOR DETAILS OF JO/NTS 


& 
FIGURE Y 
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FIGURE 4 


q-3 
* 30° 


‘ result of the preceding tests the specimen shown in Fig. 7 was 
With this piece the rectangular section is maintained, the 
idii remove stress concentration and failure will in general occur 
veld, since it has the minimum section. In addition, the use of a 
loading allows the use of spherical seats, removing most of the 
nable bending. Also, movement about the pins enables axial 
to be easily attained. This is the specimen that was used in the 
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Case Weld 


0° 
2 30° V 
3 30° X* 
4 45° V 
5 45° X 


*Through an error, 


plates. 
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the welds did not have «¢ 


Table Ill 
Standard Tensile Test Piece 
No. Broke 


Outside 
of Weld 


WELD TEST PIECES 


distance 


>, 


study of the variables. 


ranivs 


FIGURE 6 


Prop. Limit, Yield Point, Ult. Stress, 
Lb./Sq. In. 
12,300 
23,700 * 
16,200 
23,800 
27,200 


Lb./Sq. In. 


23,900 
49,100 
28,700 
56,200 
52,300 


between 


[April 


Modulus EF, 
Lb./Sq. In. 


22.6 x 10° 
29.0 x 10° 
24.6 x 10° 
28.0 x 10 
29.2 x 10 


the welded 


FOR DETAILS OF JOINTS 
SEE TABLE I 


FOR DIMENSION 
AND DETAILS OF 
JOINTS SEE TABLE ¥ 
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That this test piece effectively prevents 


bending at the weld is shown in Fig. 8 and Table IV. Table IV giv: 
strain readings for right and left extensometers for tests on two | 
of test pieces, one the final specimen shown in Fig. 7 and the oth: 
straight piece shown in Fig. 5. 
Table IV. 


Fig. 8 shows the curves plotted 
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Table IV 
Uniform Loading of Test Specimens 
Test Piece as per Fig. 7, Test piece as per Fig. 5, 
Stress, Strain In./In. Strain In./In. 
Lb./Sq. In. Left Right Left Right 
2000 000000 000000 .000000 .000000 
4 035 035 022 050 
6 073 073 050 094 
R 106 104 076 144 
10000 143 139 098 188 
12 181 181 126 232 
14 216 214 154 272 
16 250 247 182 312 
18 287 285 214 350 
20000 325 32 250 386 
22 354 352 280 422 
24 391 SRY 314 458 
26 427 425 360 504 
IR 458 458 406 550 
10000 523 515 466 610 
3 890 723 560 704 
4 001388 001182 664 SOR 
35000 000786 000930 


There was no choice in the selection of a fatigue test piece. A rotating 
test specimen was necessary since only rotative machines for determining 
he endurance limit were available. This necessitates a violation of the 
requisite for a good test piece that the original section be maintained, 
the remaining requisites are all fully met. The specimens used are 
own in Fig. 9, the pieces being machined from '% in. plates. 

lll. Preparation of Test Specimen 

lhe three variables studied in this investigation were: (numbers in 
enthesis refer to list of variables). 

1. Thickness of plate (1-c). 
2. Scarf angle (3-ey. © 
3. Single V or double V (3-c). 

‘his means, of course, that the other twelve variables given in the 
were to be kept as constant as possible. The methods and values 
en for the constants are stated in the succeeding paragraphs. 

‘he steel used for the tests was a low carbon steel of the following 

sition (l-a): 

C Mn Si 

15 54 019 .026 .013 
steel was used in the hot-rolled condition as received (1-b). The 
les used in welding the specimens were cold-rolled (2-b) low 
steel of the following composition (2-a) : 

C Mn S P Si 

17 48 .022 .031 .056 


electrodes were bare (2-c) and a 5/32 in. diameter was used 
out (2-d). 


‘ree distance was maintained at 1% in. for a beveled joint, and 
‘al to the thickness for non-beveled joints (3-b). The method 
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of weld deposition was the layer method (3-d). A single bead was first 
run the lengths of the plate, and additional beads were added until the 
weld was completed. All edges to be welded were machined before 
welding. Thus they were clean of rust and scale, and no further cleaning 
was attempted before welding. After each bead was deposited a stiff 
wire brush was used to clean the bead before the next layer was laid 
down (3-e). 


40000 


30000 


T iGHT 
20000]  EXiTENSOMET, 


| — 


TEST SPEC/MEN 


0000 FIGURE 
2 
wy EXTENSOMETES 
000 Nso META 
VA 
TEST SPECIMEN -FIG-7 
& 10000 


EXTEN B00! 


Fic, 8 


In controlling the workmanship the welder was given orders to 
standard current densities (4-a), which vary for different thicknesses 


of plate. He was also told to keep the are not longer than ¥ in., or 4 
voltage drop across the are of 15 to 18 volts (4-b) and to do the best 
work he could (4-c). Since these factors are the hardest to control. ‘he 
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0.300 'MIN.DIA 


0.400°D/A. 


Test Piece or Macwine Reapy TESTING 
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Prop. Lt. 
Lb./In.’ 


20,300 
24,900 
29,800 
31,500 


20,700 
20,300 
20,700 
17,900 


24,700 
25,900 
27,500 
27,800 


24,000 


28,300 
33,000 
28,500 


23,200 
25,900 
26,200 
22,800 


27,800 
29,400 
32,500 
27,800 


34 in. 


19,200 
17,600 
16,400 
24,300 


Yield Point, 
b. 1/In.? 


32,300 
37,000 
36,000 
48,400 


32,100 
32,400 
30,000 
37,700 


34,200 
35,600 
35,400 


43,000 


35,600 
37,900 
42,500 
51,300 


34,400 
35,700 
35,400 
36,000 


31,100 
31,100 
30,000 
35,800 


35,500 
36,400 
38,200 
40,900 
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entire set of specimens was welded by one man, 
adopted as most suitable for obtaining uniform workmanship. 


IV. Test Results 

The welded plates for the tensile tests were 9 in. long. 
test pieces from them, 
The remainder was then cut into four 2 in. 
piece machined from these. 
to 114% in. by % in. steps; 
scarf angles of 0 deg. 15 deg. 30 deg. and 45 deg. 
pieces was used in determining the effect of the three variables under 
test, with the results given in Table V. A picture of the test piece in the 
machine ready for testing is shown in Fig. 10. 


Table V 
Strength of Butt Welds 


Ult. Stress, 
Lb. ‘In.’ 


35,400 
42,800 


43,100 
53,500 


38,900 


40,100 
40,100 
42,900 


47,100 
52,100 


47,600 
54,300 


54,000 


54,000 
50,400 
56,500 


41,800 
42,600 
45,900 
43,000 


wide pieces, 


bo bo bo be 
S 


bo 


35,400 
36,600 
39,300 
44,700 


45,400 
51,500 
49,400 
53,100 


The welded plates for the fatigue tests were 10 in. long. 


Modulus E, 


/In. 
x 10° 


x 10° 
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bo bo bo 
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be bom 


28.3 x 10’ 
22.1 
23.2 
26.1 


26.6 x 10° 


26.6 


the test pieces from them 5% in. on either end was cut off and dis 
The remainder was then cut into 12 1% in. square pieces, from w!: 
test specimens were machined. Since the testing machine will t: 
one size specimen, 


in. plates only were used. Single V and « 


33.2 x 10°- 
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this method being 


In cutting the 
on either end was cut off and discarded. 


and the test 

The thickness of the plates varied from '» 
single V and double V joints were used with 
A total of 112 test 


Broke 
Outside 
Weld No. 


0 
0 
0 


cutting 


62 
3 
~y 
Weld 
1/2” 0° 
1” 
1%” 
1/2” 15° ¥ 0 
3/4” 
1” 0 
1% 0 
: /4 0 
9 
1 1 ” 4 
4 0 
Be 1/2” 45° V 9 j 
4 
1 26.5 2 
1%” 27.2 3 
1/2” 15° X 0 
1 14 ” 
1/2” 30° X 0 
1/2” 45° X 27.5 x 10° 0 
3/4" 28.4 2 4 
u j 
28.8 
1% 27.6 4 ; 
ded. 
h the 
2 ible \ 
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joints were tested, and the scarf angles were 0 deg., 30 deg and 45 deg. 
A total of 60 test pieces was used in these tests, with the results given 
in Table VI. The curves from which these limits were ascertained are 
given in Fig. 11. 


ENDURANCE LIMIT 
OF BUTT WELDS 


FIGURE // 


Table VI 

Fatigue Strength of Welded Joints 

Hing q Type of Endurance Limit, 
Weld Lb./Sq. In. 
raee. 0° 16,000 
h the 30° V 21,000 
only 45° V 20,100 
ble V s 30° X (double Vee) 16,200 
4 45° X (double Vee) 17,800 
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V. Discussion 


In determining the effect on the strength of welded joints of the thre 
variables studied in this investigation each will be taken up separately. 
The effect of varying the scarf angle will be noted first. This may 
best be seen by referring to Fig. 12. This shows a definite increase in 


y EFFECT OF SCARF 
ANGLE ON 
STRENGTH OP WELDS 


FIGURE | 


TABLE WI 
Ep 


RATIO~ 
PROPORTIONAL £1 1) ULT. STRESS] 
0.9 70 0.g24 
0.72° 0.948 0.749 
0.938 / 058 0.892 
1.062 | /./6/ 0.975 | 


Fig, 12 


the value of the mechanical properties with increase in the scar! angle 
(to 45 deg.). This was found to be so for all of the thicknesses mater 
rial tested. The scarf angle was not made greater than 45 deg. *! 
larger angle would have carried the investigation beyond the range 
practical joints. 


We find that there is an increase in efficiency (ratio of ultimate trength 


| 

SP SE | 

| 

Bever| | 
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of the weld to ultimate strength of the parent metal) of 14 per cent by 
increasing the angle from 15 deg. to 30 deg. and an increase of 9 per cent 
by increasing the angle from 30 deg. to 45 deg. A corresponding increase 
is present in the proportional limit, yield point and modulus of elasticity. 
However, the fatigue strength shows little difference between the 30 
deg. and 45 deg. bevels. 


| EFFECT OF MLATE 
STRENGTH OF WELDS 
FIGURE 73, 


STRESS 
|90 
Sik + 
ss 
| 8's 
TABLE IX. 


RAT/O™ 


& | 0838 | 0980 0.789 0945 


7 % | 0.905 | 4028 0858 | 0885 | 
/ 0.978 4.043 0.907 0882 
0.949 f.22/ 0.908 0. 858 


PLATE THICKNESS 


angie Fic. 13 

mater 

ce a .e effect of the type of bevel is readily seen from Table VIII. The 

re ol s le V is seen to be definitely stronger than the double V, the difference 
‘i itimate strength amounting to an average of 7 per cent greater 

ength igth for the single V, with corresponding differences for the other 


U e properties. This difference is even greater in the fatigue strength, 
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the single V showing an increase of 21 per cent in the endurance limit 
over the double V. 
Table VIII 
Effect of Type of Bevel on Strength of Welds 
Welded Joint - 


Type of Ratio— Parent Metal 
Bevel Prop. Limit Yield Point Ult. Stress Modulus B 
Sirgle V 0.916 1.097 0.907 0.927 
Double V 0.898 1.021 0.836 0.889 
The effect of thickness of plate is shown in Fig. 13. We note from 


these curves that plates below an inch in thickness do not give as good 
joints as those an inch or greater in thickness. The difference while not 
as great as that due to angle of bevel, is still of considerable importance, 
as is shown in Fig. 13. 


30°V 45°V 


0.26 0.42 0.63 


Fig. 14. Cross SecTiIOoN oF WeELDs STUDIED 


From a study of Fig. 12 and Tables VII and VIII, it is readily seen 
that the 45 deg. single V joint is easily the best among the joints tested. 
The question of the proper joint to use in any particular case is not so 
easily solved, however. Fig. 14 shows the cross-section of the seven 
welds studied in this investigation, the figures giving the cross-sectiona! 
area of the weld, referred to the unbeveled butt weld as unit, and for an 7 
inch thickness of plate. The effect of the free distance is to change the q 
area ratio slightly, making it larger for smaller thicknesses and smalle! 
for greater thicknesses. However, a 15 deg. bevel requires approximate!) 
35 per cent and a 30 deg. bevel 65 per cent as much added metal as 4 
45 deg. bevel, and a double V joint about 60 per cent as much as 4 
single V. 


The choice of joint is then influenced by the economic factors depend- 
ing on the use to which each particular weld is to be put. For the thick- 
nesses within the scope of this paper, the 45 deg. single V joint is rec 
ommended for use in cases where strength and reliability are paramo". 
Where unit stresses are low, and the weld is only used to join two pl ‘es, ¥ 
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a poorer joint would be adequate, such as, for example, a 30 deg. single 
V or 45 deg. double V. The 15 deg. bevel and straight are of little 
practical use, the 15 deg. joint being weak and unreliable, and the 
straight butt joint requiring too much weld metal for the strength 
developed. In addition, both of these joints are likely to be poor unless 
a very good welder makes the joint. 


VI. Conclusion 


In conclusion, we find that the results of the preliminary tests showed 
that a departure from standard test pieces has to be made for welded 
joints, the specimen shown in Fig. 6 being selected as most suitable for 
the purpose. 


From all the tests made, the following conclusions were reached about 
the variables studied. 


(1) 45 deg. is the best angle of bevel for a joint, the strength 
decreasing with the angle. 
(2) A single V joint is stronger than a double V. : 
(3) Strength of welded joints increases up to at least a 1 in. 
thickness of plate. 

A 45 deg. single V joint is thus determined as being the best joint as 
far as strength is concerned, but economic factors dictate the use of 
other types for cases where strength is not the main factor. 


INSTRUCTION MANUALS 


Instruction manuals are available for arc, gas, re- 
sistance and thermit welding. These manuals cover 
fundamental information relative to these several 
processes of welding and are designed primarily to 
meet the needs of the student welder and engineer. 
Price per copy 50c. Lots of 100—$30.00. American 
Welding Society, 29 West 39th Street, New York, N. Y. 
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Design of Joints for Welded Steel Structures* 
By ANDREW VOGEL+ 


HE design of joints for welded steel structures is the most im- 

portant problem arising in the application of welding to structural 
steel frames In order to design the joints, two essentially different 
problems must be solved; the first is an analysis of the stresses in 
the structure with complete calculations with respect to forces applied 
at the joints, and the second is the determination of the unit stresses 
to be used in designing the various welds on different types of joints. 
The calculation of stresses in structures, while essential to the de- 
sign of joints, is really a separate problem, not a part of this paper, 
because the theory of structures was completely developed prior to 
the introduction of welding. 


The same methods used to determine the stresses in riveted struc- 
tures are used to determine the stresses in welded structures. By tests 
of full size trusses at Trenton, N. J., Dec. 16, 1927, it was definitely 
established that the same methods of calculation were applicable. The 
design of joints is therefore reduced to the analysis of the stresses in 
the various forms of joints, occasioned by the application of welds in 
different positions, and by the arrangement of members in the positions 
best suited for welding. This study has been carried out with re- 
spect to typical forms of joints with the result that there has been 
evolved a number of joint types thoroughly suited to welding. In this 
paper only those joints which have been successfully used wil! be 
given in detail in order that the paper may be used for reference pur- 
poses and also as a basis upon which to develop additional standards. 


Before preparing any designs, it was necessary to determine the 
values of unit stresses to be used in the various types of welds. Ther 
are now available the results of +173 tests of metal are welds, indicat- 
ing the uniformity of strength and reliability of the welds. From fir 
No. 1 it will be observed that all 1%4-in. welds failed at a stress 0! 
10,500 lb. per linear inch or more; all 5/16-in. welds failed at a stress 
of 11,500 lb. per linear inch or more, and all *4-in welds failed at 4 
stress of 12,500 lb. per linear inch or more. From these tests it was 


concluded that the proper design value to use was 2000 lb. per linear 
inch for 4-in. welds; 2500 lb. per linear inch for 5/16-in. welds and 
3000 Ib. per linear inch for %g-in. welds. These values result in 4 
factor of safety of four or more in all cases. Observation of the ae 
sign of test specimens will indicate that the various types of “' Ids 


the 
eses 


velds 


which will be encountered in design are represented, and also th 
bars of the test specimens were sufficiently large so that the st) 
in the bars were well within the elastic limit at the time the 


*To be presented before the Annual Meeting of the American Welding Soci: 
25, 1929. 
+General Electric Company, Schenectady, N. Y. 
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failed. In other words, the welds and not the bars were tested. The 
results of the tests are best determined by study of the information 
summarized in Fig. No. 1. 


Welded steel structures include several distinct parts, such as 
trusses, columns and beams and girders. Trusses require detailed 
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1. Tests or 173 SPECIMENS OF MeTaAL ARC WELDs 
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analysis to determine the stresses in the various members produced 
by the applied loads. Columns require tabulation of all of the loads 


STANDARD SINGLE ANGLE CONNECT/ONS 


WeLoad on Angle. S$=Unit Stress per in weld 
LsLength of Weld in inches =L 
Framp/es: 
Strut x 7'-O" W= 3/600 S =3000 
Derai/L*3” 
Tansion « Ye 2/420". From 
Table 7.6" Detail L,=3%e" 7%" 


Size Angle wWeld| |Area\|Ax/8000 

2x 2x Ye \2000\.295|.705| .94| /6920 
Ve 5/6 | 2500 305 |.695|/./5 | 20700 
% | 24480 


ir 


5/4 | 2500 |.296|.704|/.47| 26460 
| 3000|.304\ 696|/.73| 3//40 
3x3x Ya \2000 |.280|\.720 25920 
Ye | 2500 | 290).7/0 |/.78| 32040 
| 3000 | 37980 
34x 34x 2500|.283)|.7/7 |2.09| 37620 | 
| 3000 |.289|.7// |\2.48| 44640 | 
| 3000 |.297|.703|287| 5/660 |/7.2| 
3000 |.205|.7/5 |2. 86) 5/480 |/72)| 4.9 |/2.3 
(3000 |.290|.7/0 |33/ | 59580 |/99 | 5.8 | 
| 3000 |.295|.705|3.75|67500 |225| 6.7 |/59 
| 3000 |.273 |.727|4.36| 78480 | 26.2) 7.) 
| 3000 |.280|.720|5.75 |iIO23500 | 345|\ 9.7 | 24.8 
|3000 |.288|.7// |7.1/ 127980 | 42.7\/2.3 | 304, 
|3000 |.320). 44640 |/49 | 48 | /0/ 
|3000 | 2.48|\ 44640 (149 | 39 
3000 |. 2.87 | 5/660 |/72 | 56 
3000 |. 2.87 | 5/660 |/7.2 | 46 | /26 
3000 |. 3.25 | 58500 | 65 | 
3000 |. 3.25 | 58500 |/95 
3000 |. 3.05| 54900 |/83 
3000 |. 3.05| $4900 |/8.3 
3000 |. 3.53| 63540 | 2/2 
3000 |. 3.53| 63540 (2/2 
3000). 400| 72000 | 24.0 
3000). 4.00 | 72000 | 24.0 
5000 |. 3.6/ | 64980 |2/.7 
3000 |. 3.6/ | 64980 | 2/.7 
3000 |. 475| 85500 |285 
3000 475| 85500 |285 
3000 586 | /05480 | 35.2 
3000 |. 586| 105480 | 352 
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tributary to or applied to the columns. Beams and girders are de- 
signed for the loads to which they are subjected, whether uniform or 
concentrated; but, also, in preparing the calculations, the reactions at 
the ends of the beams and girders are determined in order to design 
the connections from beams to girders or girders to columns. Occa- 
sionally structural members and connections must also be designed 
for combined bending and direct stress. The design problems, there- 
fore, are preliminary to the determination of the forces acting at the 
various joints. The design data thus collected is also used to deter- 
mine the arrangement of the members at the connections. This paper 


STANDARD SINGLE CHANNEL TENSION CONNEC T/ONS 


| 

| x. 


W=Load on Channel S=Unit Stress per/in. +p. Weld. 
L=Length of Weld in inches. W/S=L 


Lxamp/ses: 
W=2/400 S=3000 L=W/S= 
Detatl 


5 Channel GOP W «47300 S*3000 LYS 7-9" 
= 6" 


Chamel Weight Area Areas/8000 We/d. 4,=ZLe 

3 4/ 4.49 2/400 3000 7./ 3.6 
50 /.46 26300 Ya 3000 44 

6.0 1.75 3/500 Ye 3000 /0.5 53 

5.4 /.56 28/00 VY 3000 4.7 
6.25 | 482 32800 3000 5.5 

725 | 2./2 38200 Ya 3000 12.7 6.4 

5 6.7 1.95 I5/00 Ya 3000 59 
9.0 2.63 47300 Ya 3000 /58 7.9 

3.36 | 60500 Ya | 3000 20.2 | /0/ 

6 6.2 239 Va 3000 14.3 7.2 
/0.5 3.07 55300 Ye _ 3000 /8.4 9.2 

/3.0 3.8/ 68600 Ve 3000 228 | /14 

15.5 454 8/700 Ya 3000 27.2 | /3.6 

9.8 2.85 5/300 va 3000 17/4 8.6 

1225 3.58 64200 Ya 3000 2/5 | 108 

/4.75 | 4.32 77800 Ya 3000 | 259 | /30 

47.25 | SOS 90900 Ya 3000 30.3 | /52 

/9.75 | 579 | 404800 % 3000 | I47 | /74 

é WS 3.36 60500 Ys 20.2 | 
4375 4.08 72400 Joo0o 24.4 | 

46.25 | 476 85700 Ya | 3000 | 286 | /43 

4875 549 | 98800 Ya 3000 329 | /65 

| £42/00 
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will analyze and illustrate the problems involved for various connec- 


members into trusses and structures. 


tions for individual members and also the assembly of individua! 


Trusses require a greater variety of joints than any other element 
in a structure, and for this reason a greater proportionate study has 
been given to the joints in trusses. Analysis of the joints in trusses 
reminds one that the fundamental principles are the same in al! 
trusses and therefore these principles should be restated. Truss lines 
should intersect at a point and loads applied to the trusses should be 
applied at these points. The center of gravity of the truss members 


STANDARD SINGLE TEE JENS/ION CONNECTIONS 


| 

| 

WsLoedon Tee. S*Unit Stress per lin. in. Weld. 
L-Length of Weld in inches. W/S*L 


4xamples: 
2x2 Tee S=2500 L*wW/S=9./" L,* 
Detas/ 4" 


4x3 Tee 9.2% W=48200 5*3000 8./” 
Detai/L,=Le = 


Size Tee |\Weigh?| Area \Areax/8000 | We/d Ss | 
2x2 356 | 1.05 /E9OO Ya 2000 | 95 48 
2xe | 43 | 4.26 22700 Se | 2500 | 9/ | 46 

24k 24a | 4/ | 4/9 2/400 2000 | /0.7 | 54 | 
| 24eX24a | 49 | 4.43 | 25700 Sie | 2500 | 10.3 | 52 | 
| 55 | 28800 Ye 2500 | 7/5 | 56 | 
| 2yex2ve | 64 | 7.87 | 33700 | Ye | 3000 | | 56 | 
3X3 6.7 | 495 35/00 | 2500 | 70 | 

} 227 | #0900 | 3000 | /36 68 
4x4 10.5 | 309 55600 “Ye | 3000 | 85 95 
1/3.5 | 3.97 | 7/500 3000 | 23.8 | //.9 | 

| 79.8 | 580 | 104400 | Ye | 3000 | 348 | /74 

| 6/ | 4.77 | 3/900 Ye | 2500 1286 | 64 | 
| 6/ | 477 | 3/900 | Ge | 2500 | /28 64 
72 | 2/2 | 38200 Sie | 2500 | | T7 
44600 | Ve | 3000 | 75 


| 
| 92 | 268 | 48200 | | 3000 | /6/ 
| 1.2 | 329 | 59200 | % | 3000 | 197 
| /44 | 423 | 76/00 | Ye | 3000 254 
PAS | 3.49 | 62800 | % 3000 _| 20.9 108 
15-3 450 8/000 Ye | 3000 270 | 
543 |11.5 | 3.37 | 60700 Ye | 3000 | 202 | /0/ ) 
Fig. 4 
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and the center of gravity of the welds applied at the joints should 
coincide with the truss lines. If these principles are observed no 
secondary stresses are developed as a result of eccentric connections, 

because the center of gravity of the member is not located on the 
truss lines. These principles naturally tend to encourage the use of 
symmetrical sections for truss members but, as it is not always 
economical nor practical to use symmetrical sections, it is necessary 
to develop methods for using non-symmetrical sections. To accom- 
plish this purpose joint details have been developed for non-sym- 
metrical members frequently used such as angles. Angles would re- 
quire the use of eccentric joints, but for the fact that it is possible to 


TYPICAL TWOANGLE Z STRUT CONNEC 7/ONS 


7 LS. 


(Ye"Long 24°0.C. 


W*Load on Strut. S *Unit Stress per /in in weld. L*= 
Length of Weld in inches. F+Allowable Unit Stress on 
Strut L=W/S. N.S.*Norma/ Shear Weld. 
PS.=Paral/le/ Shear Weld «Length Available for PS. 
framp/les- 

226" Ye*weld. r=/.2 
(*/0'#120" F = GOOO. Area=2x 
4/8 W=4./8x 377620 £2376 20+ 2500+/5.05" 


2-LsdxaxYVa a=8" S=3000 r#+69 
(=/0'=/20" F216 Area =2x2.36* 
5.72 W=5.7241/030=63200 4£263200=3000 2/07" 
L-4x3 =2107-12.5= 757 Detai/NS.= 4" 


Fic. 5 


Proportion the welding used for connecting angles to other members 
in such manner that the center of gravity of the amount of welding used 
coincides with the center of gravity of the member and the truss lines. 
Che design of joints for trusses, therefore, involves the use of symmet- 
rical connections occasioned by the use of tees and channels and the 


desig) 


“ag | non-symmetrical connections occasioned by the use of angles. 
i Us paper tables and examples are given of such connections used in 
the design of welded trusses. 

Th 


‘ables and examples illustrating the use of members used in 
welded tee ; . 
are steel trusses are shown in Figs. 2 to 7 inclusive. Fig. No. 2 
“yo °s Single angle connections. The dimensions and properties 
U0 1e 


tion of an angle determine the amount of welding to be 


| 
C- 
al | 
nt | 
as | 
es 
all | 
ies | 
be | 
| 
| 
oF | 
| 
48 
a6 | & 
5.4 | 
52) | 
58 | 
56 
70 
68 
93 | 
(74 
64. 
6.4 
77 | | 
83 | | 
99 
12.7 
_| 
13-5 | 


74 JOURNAL OF THE A. W. S. [Apri! 


placed on either edge of the angle. Moments about the center of grav- 
ity of the angle produced by the amount of welding used are made 
equal so that no unbalanced moment will be transmitted to the member 
or unequal stresses applied to the welds. The derivation of the for- 
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mula and examples given in Fig. No. 2 illustrates this important prob- 
lem. Standard single channel tension connections are given in Fig 
No. 3 and standard single tee tension connections are given in Fig. No 
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4 but, as both these members are symmetrical about their center lines, 
the number of linear inches of weld is made equal on both edges of the 
members. Fig. No. 5 illustrates connections used for typical two angle 
Z struts. The examples given in Fig. No. 5, coupled with the examples 
given in Fig. No. 7, illustrate the methods used to determine the 
amount and position of the welds. Fig. No. 6 illustrates typical con- 
nections of single angle members to a chord composed of one-half of 
a Carnegie beam with all the calculations prepared in detail. 


The development of welded trusses encouraged the use of new types 
of members and also the use of members heretofore not extensively 
used in trusses. Analysis of chord sections indicated that, if gusset 
plates were to be eliminated, it would be necessary to have wide flat 
surfaces parallel to the plane of the truss on which the web mem- 
bers could be welded. Further study indicated that Carnegie beams 
and large tees, obtained by splitting large beams with the aid of the 
torch, would provide suitable chord sections and the necessary sur- 
face to which the web members could be welded. The Carnegie beam 
section, placed with its web horizontal, as illustrated in Fig. No. 8, 
provided a chord exceedingly stiff or strong in the horizontal plane, 
thus considerably reducing the amount of horizontal bracing required 
for trusses of long span. Beams split in two, as illustrated in Fig. No. 
%, provided tees of equal capacity to the pairs of angles formerly used 

riveted design, and also provided the wide flat surfaces to which 
web members could be welded. 


Even the web members of the trusses were modified in design to suit 
welded joints. Channels are extensively used for tension members 
it is possible to use %4-in. welds on both web edges of the channels, 
is developing welds with a capacity of 3000 lb. per linear inch of 
weld and resulting in short connections. In the design of joints when 
channels are used, the amount of welding required is frequently so 
‘ that it is not possible to place the welds directly opposite each 
In this case, however, welds can be placed on both edges of the 
nnels across the full width of the chord member if necessary, and 
tests indicate that welds placed in such positions are practically 
equal in strength to those placed directly opposite each other. The 
me unit stresses, therefore, are used for such welds. Tees are also 


tr 


suitable as web members and their connections are designed similar 
‘o the connections for channels. Angles are used with preference 
Ziven to angles with metal % in. thick so that *4-in. welds can be 


Where it is economical to use angles with metal 44 in. or 5/16 
k, ¥44-in. or 5/16-in. welds are used with the welds designed on 
of 2000 lb. per linear inch for 14-in. welds and 2500 lb. per linear 
‘nen tor 5/16-in. welds. The design of joints for compression or ten- 
b members consisting of single or paired angles, is given in de- 
Fig. No. 2 in this paper. 


M Carnegie beams are used for chord sections, a new form of 
str ised known as the Z strut. The Z strut, illustrated in Fig. No. 


ts of two angles so arranged that adjacent legs are welded to- 
convert the two angles into a single member. The outer legs 
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of the angles are welded to the inner surfaces of the flanges of the 
Carnegie beams. Unfortunately the connection of a Z strut to the 
inner surface of the Carnegie beam chord section is sometimes compli- 
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cated by the fact that the plane surface of the Carnegie beam does 
not extend all the way to the web because of the fillet so necessary 
between the web and the flange. As a rule, however, sufficient weld- 
ing can be applied to the four edges of the Z strut in contact with the 
inner surfaces of the Carnegie beam, but if this amount of welding 
is insufficient, additional welding can be applied between Z struts and 
the edges of the chords. It is also possible to place a plate between 
the end of the Z strut and the web of the chord, but this additional 
provision would only be required in the case of exceptionally heavy 
trusses. 


JETAIL OF CLIP ANGLE SHOWING WELDING orf ANGLE TO GIRDER AND Hook 
HoLDING BEAM To CLIP ANGLE 
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The connections of beams to girders and of girders to columns in- 
volve two types of connections known as brackets and web connec- 
tions. Present experience indicates that bracket connections are 
cheaper than web connections because the bracket connections can be 
fabricated in the shop and the brackets can contain all the holes re- 
quired for fastening the beams to the girders or the girders to the 
columns. At this point it is well to mention that a fundamental prin- 
ciple in the design of welded connections is that all punching should 


DETAIL OF COLUMN ANCHORAGE SHOWING Equat Lea ANGLE 
STEEL CoLUMN 
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be performed in the clip angles or bracket details, and that punching 
should be avoided in all heavy members. If brackets are well designed 
and attached to the girders or columns in the shop, field welding is 
minimized. The design of welded brackets has not reached the point 
where it is possible to call any design typical or standard. This detail 
usually consists of a clip angle, as illustrated in Fig. No. 10, with 
the horizontal leg of the angle of sufficient width (usually 4 in.) to 
permit punching 13/16-in. holes for *4-in. hook bolts in order to sup- 
port and to hold the girder or beam securely in position. The vertical 
leg of the angle should be of sufficient width to provide on each end 
of the angle welding edges of sufficient size to support the load to be 
transmitted from beam to girder or from girder to column. An ex- 
ample might be a beam with a reaction of 35,000 lb. This weight di- 
vided by 3000 Ib. per linear inch for a *g-in. weld, would require 11 2/3 
or 12 lin. in. of weld. If the weld should be applied to the two ends 
of the clip angle, the leg of the clip angle must be 6 in. wide to permit 
the proper amount of welding at each end. If a heavier reaction must 
be provided for, a similar procedure is required except that it is fre- 
juently necessary to place the angles in a vertical position and then 
» place a plate on top of the angles to provide the seat for the beams 
girders. 


lf web connections are used for beams and girders, angles should 
be welded to the girders or columns with sufficient welding to care for 
the dead load of the member. After the member is erected in position 
the proper number of linear inches of weld should be applied to each 
side of the web of the girder in order to connect the web to the column. 
The particular disadvantage of directly connecting the web of a beam 
to a girder or the web of a girder to a column is that it becomes neces- 
sary to cut the beam or girder to exact length, thus increasing the cost 
of shop fabrication. It is, therefore, recommended that, wherever 
ssible, shop welded brackets (either clip angles or heavier built-up 
kets) be used in order to eliminate the cost of cutting beams to 
length and to minimize the amount of field welding. No details 
ackets are shown in this paper because such details are not yet 
ped in such form as to justify suggesting them for use as stand- 


connection of columns to base plates or foundations is illus- 
in Fig. No. 11, which shows an equal leg angle welded to a steel 
at its foot. The use of an angle or a bent plate in “U” form 
n quite general. The method of design is simple. The stress 
‘nchor bolt is determined and divided by 3000 Ib. per linear 
rder to obtain the number of linear inches of welding required. 
ult is then divded by two to obtain length of angle or “U” 

two lines of welding are applied to the edges of the equal 
e ave or “U” shaped plates. If there are horizontal forces ap- 
Jvc “” the column, the column can be field welded to the base plate 
pe, ase plate encased in concrete properly secured to the foun- 
- reinforcing steel, all as indicated in the illustration. 


en of joints for welded steel structures is in process of de- 
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velopment. The designs illustrated in this paper are some of those 
which have been developed up to the present time. There is opportu- 
nity for much further study and improvement, particularly with ref- 
erence to brackets used for supporting beams and girders and also 
used for wind bracing. There are also many other forms of joints 
requiring considerable study, many tests and additional development 
in shop and field. As new joints and connections are developed, photo- 
graphs, drawings and calculations should be published in order to ad 
vance the art. The development of welded steel structures now de- 
pends largely upon the development of the details of connections and 
joints. 
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